
FHRPRU001629

f:t I r~~NI}J~L~~. ORIGINAL 
MANAGEMENT OF CHANGE FORM 

(REFER TO PROCEDURE EHS-1-006 FOR EXPLANATION OF THIS FORM) 

PROCESS UNIT/AREA: TD LAB (New Control Room) MOC#: /50'-/9Jf 
ORIGINATOR: _J_._C_a_cc-'--i_at'--o_ri ____ ______________ _ DATE: 01/22/2013 

SECTION A - TECHNICAL BASIS FOR PROPOSED CHANGE 

Purpose and 
Technical Basis: 

Description: v ' .W t0\J Cl . ,_, 

□ 
□ 
□ 
□ 
..Jl_ 
□ 
□ 
□ 

Attach additional 
paper if necessary 

Impact of change 
On Environmental 

Health/ Safety: 

Install new 12' x 40' Control Room for TD Lab as per the attachments 
* See Structural Drawing Attachment (Meece Eng. DWG's) 
* See Building Detail Attachment (Hunter DWG's) 

SECTION B - DOCUMENTATION - Attach aooropriate documentation illustrating proposed changes 

Procedures □ Inspections, Testing, PM's □ Engineering DWGS [8J 

□ ~ 
r--

PSM Documentation CHEMGEMS Specifications P&ID's ,____ 

□ MSDS Information □ Energy Control Plans PFD's □ ,____ ,___ 
Training/Communication [8J Floor Plans □ LOAR -- ~ 

r--
Quality Issues □ Mechanical Integrity DWGS Site/Plot Plan 

r----
Customer Impact ~ Electrical Schematics ~ Electrical Single Lines 

□ □ 
r----

Alarm Response Tables Loop DWGS Elect'I Classification -- □ 
r----

Other □ JSA's OJT's 

Affected Personnel Needing To Be Informed/Trained On Proposed Change 

t8l Operations [8J 1/E Technicians O Community 

PHA'S 

Ml 
Applicability 
Checklist 

1---~ I--□ .....-=-□ 
1-- [8]==---__, Production Facilitators Engineering Regulatory Entities 

t8J Mechanics/Welders D Contractor(s) D Corporate -------- --+ 
1---[8]-__, Electricians D Office Personnel D Other 

SECTION C - Is Change Permanent? 

YES 

□ NO 

Proposed Project Start 
Date 

01/25/2013 
Proposed Project 
Completion Date 

07/31/2013 

SECTION E - Is Change Emergency ? 

D Yes 
~ NO Start: 

Approval Received From: 

D Area Mgr./Designee D Env. Mgr. /Designee 

D Plant Mgr./Designee 
(if requested) 

D H&S Mgr/Designee 

D Engineering/Maint. 
Mgr./Designee 

Approval Received By: 

SECTION D - Is Change Temporary ? 

□ YES 
From: 

~ NO 
To: 

Returned To Original Service: __ / __ / __ _ 

Area Manager/Designee 

Signature: 

* Extended To: __ / __ / _ _ _ 

Plant Managers Approval: 

Plant Mgr./ 
Signature Date 

*Note: Temporary MOCAs may be extended up to 6 months at 

Siana lure Date a time 
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FHRPRU001630

n n t~ltdAI 
SECTION F - DESIGN SAFETY REVIEW VI\IVll',lt 11... 

PHA. Does the proposed change require a PHA? (i.e. What-if/Checklist, Hazop, Revalidation, 
Review) If yes indicate type of PHA in Action to be Taken section. 
PSSR. Does the proposed change require a Pre-Start-up Safety Re-view (PSSR)? See EHS-1-067 for 

Requirements. Mandatory if change involves DCS Interface. 

1. RELIEF AND SLOWDOWN 

Does the Proposed Change: 

1. Introduce or alter any potential cause of over/under pressurizing of the system? 

2. In any way affect existing equipment installed to prevent over/under pressurization? 

3. Introduce or alter any potential cause of raising/lowering the system temperature? 

4. Introduce a risk of creating/reducing vacuum in the system? 

5. Have any critical relief devices been identified for verification of proper rating and installation? 

2. AREA CLASSIFICATION 

Does the Proposed Change: 

1. Introduce or alter the storage of flammable materials? 

2. Introduce or alter the location of potential leaks of flammable materials? 

3. Introduce new or alter existing electrical equipment? 

4. Affect area ventilation? 

5. Has the established buildina electrical classification been changed? 

3. SAFETY CONSIDERATIONS 

Does the Proposed Change: 

1. Require any additional safety equipment or layers of protection? 

2. Alter or affect existing safety equipment or means of egress? 

3. Require changes to the function or independence of existing equipment or layers of protection? 

4. Alter or affect critical safety instrumented functions (SIF's)? 

5. Alter the noise level in the surrounding area? 

6. Increase the potential for exposure to any chemicals? 

7. Introduce a new or previously unused chemical/raw material? 

8. Affect de-energization? (able to lock-out, drain materials) 

9. Create any ergonomic concerns? 

10. Affect the Battery Limit Valves (BLV)? 

11. Affect the overall security of the facility? 

12. Does this increase the risk of potential impact to plant personnel (employees and contractors)? 
13. Does the proposed change affect facility siting relative to both people and equipment in any of the following situations: 

temporary changes , before startup after a permanent change, or before startup after temporary change has been 
removed/closed/returned to original condition? 

14. If the proposed change affects replacement or demolition of piping or conduit, will the entire run be identified and 
clearly marked prior to work, to ensure safe work activity? 

15. Affect the safe transport of hazardous material? For ex., introducing a new hazardous material for transport or 
chanaina the method of transportation of the hazardous material. 

4. ENVIRONMENTAL AND QUALITY CONSIDERATIONS 

Does the Proposed Change: 

1. Alter the composition or amount of a process water? 

2. Increase the emissions of any regulated pollutant? 

3. Require a new or modified operating/construction permit? 

4. Affect the control of the process? 

5. Affect the composition or physical properties of the final product? 

6. Impact any Pentane/Styrene components in the Leak Detection and Repair (LOAR) Program? 

7. Increase risk of off-site residential & environmental receptors? 

8. Introduce new materials/chemicals to the site? 

9. Does an evaluation of chemical compatibility need to be conducted? 

10. Involve decommissioning/demolition of equipment or structures? 

11. If answered YES to question 10, do NESHAP or decontamination requirements apply? •• 

12. Will this change require portable engines to be brought on to FHR property? 

•• Consult with Environmental Engineer for completion of this auestion. 

EHS-F-041 Distribution Date: 09/2412012 

YES 

□ 
□ 
□ 
□ 
□ 

YES 

□ 
□ 
~ 

□ 
□ 

YES 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 

YES 

□ 
□ 
~ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□NO 

□NO 

NO 
~ 
~ 
~ 
~ 
~ 

NO 
~ 
~ 

□ 
~ 
~ 

NO 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

~ 

~ 

~ 

NO 
~ 
~ 
□ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
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FHRPRU001631

SECTION F - DESIGN SAFETY REVIEW -- cont. 

5. OPERATION AND DESIGN 

Does the Proposed Change: 

1. Affect the process or equipment upstream/downstream of the change? 

2. Affect access to process or equipment/controls for personnel? 

3. Introduce any new or affect existing interlocks or alarms systems? 

4. Affect manpower or qualified personnel? 

5. Affect the loads/strengths of existing foundations, structures, vessels, or pipe racks? 

6 . Impact requirements of existing or proposed piping supports? 

(Needs to be adequately designed for expected stresses due to pressure and thermal loadings.) 

7. Alter the DCS/Software logic of process operations? 

8. Affect process chemistry? (reactivity/compatibility) 

9. Affect maximum intended inventory, that would require updating maximum inventory tables? 

10. Affect safe upper/lower limits for such items as temperature, process flows or compositions? 

11 . Affect materiaVenergy balances? 

12. Affect plant utility resources? (i.e. steam, water, electricity, etc.) 

13. Affect equipment with heat-up/cool-down cycling requiring bolt retightening after start-up? 

14. Is an exception/revision to desiqn codes or standards (CHEM-GEMS, etc.) required? 

UI IUll\lnL 

YES 

□ 
□ 
□ 
□ 
□ 
□ 
~ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 

SECTION G - AFFECTS ON PROCEDURES, TRAINING, AND DOCUMENTATION 

Will the Proposed Change: 

1. Introduce new or impact existing operational procedures? • 

2. Introduce new or impact existing maintenance procedures?• 

3. Add or Remove equipment/instrumentation? 
(Contact ETA to assign Equipmenf/lnstrumentation Location Numbers. If equipmenflinstrumentation is being added, 
Ml Applicability Checklist MNT-F-161 shall be completed by MOC originator, and approval form(s) sent to the Ml 
coordinator.) 

4. Revise equipment preventative maintenance/ inspections, job plans , and/or frequencies? 

5. Require additional training for operational or maintenance personnel? 

(requires completion of Leaning and Development Job Aid addendum A)) 

6. Require additional notification for operational or maintenance personnel? 

7. Require updating controlled drawings? • 
(PFD'S, LOAR, P&ID's, Floor Plans, Electrical Single Lines, Loop Drawings/Electrical Schematics, MCC 
arrangement, Ml !so Drawings) 

8. Require updating equipment files? 

(Engineering, Maintenance, Manufacturers lnspecf/Test results) 

9. Require a spare parts list and inventory to be developed? 

10. Require major project spare equipment to be turned over to maintenance? 

11 . Require equipment labeling in the field? 

12. Require updating of Alarm Response Tables?• 

13. Require a new/modification of existing energy control plans? • 

14. Cause any PSM/RMP applicability issues? 

15. Cause a change in PSM/RMP program level? 

16. Will this change have any effect on the overall plant facility siting issues? 

17. Increase or decrease the impact contour for worst-case scenario by a factor of two or more? 

18. Will this MOC supersede /interfere with any other Temporary/Emergency/Permanent MOC's? 

19. Is there a need to update the EPS-1-004, Chemical Compatibility Matrix? 

20. Is a Layer of Protection Analysis ( LOPA) study required? 

21 . Will this affect the Interlock Matrix? 
22. Require updating of electrical energy consumption spreadsheet? Update required for any MCC, CB panel or bus 
bar connection additions or alterations. 
23. Will this change impact Proprietary Technology including product, process, equipment, technical data, or other 
trade secret information licensed to FHR by third parties" If yes, contact the Proprietary Technology Coordinator. 

• NOTE: Refer to Engineering Equipment Location Database for a list of affected documents, 

sorted by Location Number. 

EHS-F-041 Distribution Date: 09/24/2012 
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□ 
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FHRPRU001632

nR\GINAL 
Any questions with a 'YES' answer, requires follow-up activity. 

List the actionls) to be taken to resolve anv Issues identified in 'Section F' and 'Section G' 

Item Target Completion 
No. Action To Be Taken Responsible Party Date 

F.PHA Perform PHA - Facility Siting Checklist J. Cacciatori 07/31/2013 

F.PSSR Perform PSSR J. Cacciatori 07/31/2013 

F2.3 Install new conduit runs to new control room J. Cacciatori 07/31/2013 

F4.3 Obtain new construction permit J. Cacciatori 03/31/2013 

F5.7 Complete and Implement DCS logics to new contro l 
room K.Marshall 07/31/2013 

G.1 Update operational procedures as necessary R.Leckonby 07/31/2013 

G.2 Update maintenance procedures as necessary J.Vittone 07/31/2013 

G.3 Update Ml equipment list as necessary D.Tostovarsnik 07/31/2013 

G.6A Notify Operators R.Leckonby 
07/31/2013 G.68 Notify Maintenance & electricians J.Vittone 

G.7 Update Drawings L.Grant 07/31/2013 

G.8 Update Equipment Files B.Christmann 07/31/2013 

G.11 Label Equipment in Field J. Cacciatori 07/31/2013 

Project will reduce facility siting risk by reducing number 
G.16 of employees in TD Lab structure. Complete relocation J. Cacciatori 07/31/2013 

of control room. 

G.22 Update Electrical Spreadsheet L.Grant 07/31/2013 

n , A • - N, -traJ&. 15SW~ »\ (dotvlo.1d tQ_V)\YOl rvom O)'tiJ-. l\,NI~ 
AA <' . - - .. - - -

-PMA-2-- - Add--ferrctng near P1rot-Ptant Baildlng J . cacc1arorr·- - ·- --(}l/3+12&1-3-- --

-· -- -- - - - b ~ Sko°l-·ttrJ.S· --·-PHA3 Update Emergency / Evacuation Plans M.Steintreh - "07/3112(:)1"3- .... _ 

I 
I ··-· 

\ 
-P.tlAA Pressurizatien of new controt·room (Tracy-Clem)- .. ·-· .. _ - "M. Sfem6acfi - ·--o-713'1120 13 

Pt11t, i tn-lov PttA '7 A Choi/ i/-{;vVJs i r1 Lynx (_' . Ct;c(J ·cdvre., 2/21/13 
I 

~ ,.._ I 1' I J ' 
.. 

t Vt1f\ 1V l2e ~~\{ () )/K1Mrir 1V O.,fcjl(J 
rl-t1h//1.tM f ill' l.frfl, ih ~~ 

I 
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FHRPRU001633

MOC APPROVAL FORM 

tor: 

MOC Packet Com let-eness Verification 
Title/Position 

Drafting Tech, or Designee 

Ml Coordinator, or Designee 

Maintenance Tech from appropriate area 

Operator from affected area 

Area Training Contact, or Designee 

Area Manager, or Oesignee 

(Operations Representative Assignee: __________ ) 

Engineering /Maintenance Manager or 
Oesignee 

(Electrical Engineering Review: 
S!Cve..... pg.,./1,::;lf. ) 

Health and Safety Manager or 
Designee 

(PSM Coordinator Review 

Operations Manager or Oesignee 

Environment Manager or Designee 

Title/Position 

anager or Oesignee 

By signing below: 

Plant Managers Review 
as r uested b an of the Authorizin si ners 

Review Si nature 

VERIFICATION OF MOC CLOSURE 

Date 

2 

a-J ~ /a-013 

Date 

1. The Originator of this MOC confirms that all action items have been completed & that equipment/documentation in this change is set to start up. 
2. The E /Maintenance Mana er has com leted and attached the MOC - Closure Checklist. 

MOC closure requires the Originators Signature, and that of the Engineering/Maintenance Manager 

MOC Originator: Date: ____ _ 

er: Date: 

MANAGEMENT OF CHANGE - CLOSURE CHECKLIST 

EHS-F-041 Distribution Date: 09/24/2012 Page 5 of6 



FHRPRU001634

nntrlf\lA 
This Form MUST BE completed by the Engineering/Maintenance Manager, and attached to'Mdc' 1 V 1 1 " 

1 
' _. 

Prior to MOC Being Closed By ET A 

Originator: __ :5:_, __ G_?\_CC __ .i_·"'-_-/'--.o_/'---'-/--__ 

1. Wh'11,.. of Mao

1

_m,ot of Chaogo? 

Permanent MOC 

Emergency MOC 

Returned to Original Service? 

I I YES I I NO 

~I - - ~I Temporary MOC 

Returned to Original Service? 

I I YES I I NO 

2. PHA. rmplotod. rAZOI', Saf,ty R~;,.,, md•-~1 Rovi-J 
YES 

NO 

NIA 

MOC No. 

3. Docum~cl:;:d in file or referenced, which verifies affected change has been communicated to all effected parties? 

t==:jN/A 
4. Docum~==r :~~ing changes included in MOC package? (marked-up drawings, etc.) 

t==:j NIA 

5. Refere§nced Drawin~sE~pdated? 

NO 

NIA 

6. All app§llcable docu~:;tation has been updated to reflect changes? 

NO 

NIA 

7. All "l'"• ... j'" '°""''"'" YES 

NO 

N/A 

'Management of Change' Audited By: 

Title: _______________ _ 

Signature: 

EHS-F-041 Distribution Date: 09/24/2012 

Date: 
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FHRPRU001635

ORI Gf NAL 
PSM and RMP Process Hazard Analysis 

FHR FACILITY SITING CHECKLIST 

Note that the FHR Facility Siting Checklist questions may be entered into the PHA software. 

1. All the questions shall be considered and evaluated by the PHA Team. 

2. If no significant hazard was identified: 

a. The appropriate response (Y / N / N/A) should be indicated in the Response column. 

b. Any appropriate notes or comments should be recorded in the Comments column. 
Because there was no Identified Hazard (Finding), there would be no need to record 
existing safeguards or risk rank the hazard, although the safeguards may be recorded 
if discussed and captured during the review. 

3. If a potential hazard was identified: 

a. The appropriate response should be indicated in the Response column. 

b. The Identified Hazard (Finding) should be recorded in the Comments column. 

c. Determine if the hazard has already been addressed within the HAZOP nodes or 
other checklist question. If so, document that the hazard has been addressed and 
reference where in the Comments column (note that reference to a specific nodes 
may not be needed or practical). If not, continue. 

d. The current/existing safeguards should be recorded in the Comments column. 

e. The PHA Team should qualitatively assess the potential consequences and likelihood 
against the existing safeguards to determine the risk using FHR's risk matrix. The 
general nature of the questions makes it more difficult to evaluate and characterize 
the potential consequences and likelihood. Because this is a qualitative assessment 
it is not necessary or possible to be exact or precise. The PHA Team should strive to 
reach consensus on a reasonable consequence and likelihood based on their 
experience and expertise. Additional experts may be called upon to help reach 
consensus. A more detail assessment may be recommended if warranted by the 
potential risks. 

f. If no residual risk exists for the Identif ied Hazard, then a note should be added to 
indicate existing safeguards are considered adequate. 

g. If a residual risk exists for the Identified Hazard, or the risk could not be properly 
evaluated with the existing information, the Identified Hazard should be marked as a 
Finding that requires additional evaluation and potential risk reduction. 

EH&S Management System Revision 2, April 2011 Page 1 ol 12 
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FHRPRU001636

FHR Facility Siting Checklist PSM and RMP Process Hazard Analysis 
Siting checklist completed for new control rooms installation @ Peru facility. 

Question Response Comments (Y I N / NIA) 

A. UNIT LAYOUT (SPACING BETWEEN PROCESS 
COMPONENTS) AND LOCATION OF UNIT/ 
FACILITY RELATIVE TO NEIGHBORS 

1. Has there been any new construction in the areas around the 

~ 
Identified Hazard (Finding): 

facility that might change the RMP off-site consequences (new 
public receptors)? List Existing Safeguards: 

Risk (qualitative assessment): 

2. Are operating units and the equipment within units spaced to 
!Yes! 

Identified Hazard (Finding): 
minimize potential damage from fires or explosions in adjacent 
areas? Are vessels containing highly hazardous chemicals located List Existing Safeguards: 
sufficiently far apart? If not, what significant process hazards are 
introduced? Are the ends of horizontal vessels facing away from Risk (qualitative assessment): 
personnel areas, occupied buildings, control rooms, and critical 
equipment? Can adjacent equipment or facilities withstand the 
overpressure generated by potential explosions (reference facility 
siting study)? Can adjacent equipment and facilities (e.g., support 
structures) withstand flame impingement or radiant heat 
exposures? 

3. Are large inventories or release points for highly hazardous 
!Yes! 

Identified Hazard (Finding): 
chemicals located away from public access roads and vehicular 
traffic within the plant? When provisions have been made for List Existing Safeguards: 
relieving explosions in process components, are the vents directed 
to a safe location away from personnel and critical equipment? Risk (qualitative assessment): 

4. Are HHC handling equipment located outdoors? Where indoors, INA I Identified Hazard (Finding): 
are there adequate safeguards to protect people working in and 
around the buildings or structures? List Existing Safeguards: 

Risk (qualitative assessment): 

EH&S Management System Revision 2, April 2011 Page 2 ol 12 
Paper copies are uncontrolled. Th is copy valid only at lime of printing. PS O wner: Joe Chandler 
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FHRPRU001637

FHR Facility Siting Checklist PSM and RMP Process Hazard Analysis 

Question Response Comments (YIN/NIA) 
5. Do vents, drains, sewers, and relief valves discharge to safe Identified Hazard (Finding): 

locations? Consider proximity to heat sources, open flame, jYesj 
furnaces, buildings, shelters, evacuation routes, walkways, roads, List Existing Safeguards: 
pressure vessels, piping, pipe racks, chemical storage, cylinders, 
bottles, totes, and HHC inventories. For atmospheric vents, are Risk (qualitative assessment): 
flammable materials, liquids and gases, in relief discharge 
equipment (e.g. longer discharge piping, atmospheric stacks, 
blowdowns, etc.) handled safely (i.e., vented or drained to safe 
locations)? 

NEP Compliance Guidance from CPL 03-00-010 concerning relief 
devices that discharge to atmosphere: 
■ Are there negative affects on employees or other equipment 

that could cause another release ("domino effects") of 
hazardous materials/HHC? 

■ What presumptions or assessments exist to support that there 
will be no negative effects of an atmospheric release of 
hazardous materials/HCC? 

■ Are employees near where relief devices discharge, including 
downwind locations (e.g ., on the ground, on platforms on 
pressure vessels in the vicinity of elevated relief devices, etc.)? 

■ Could a release from a relief device cause a release from 
other equipment, or could other nearby equipment affect the 
release material (e.g., a furnace stack could be an ignition 
source if it is located proximate to an elevated relief device that 
is designed to relieve flammable materials)? 

Part of the employer's PHA team's evaluation, after it identifies the 
locations of open vents, is to determine if employees might be 
exposed when hazardous materials are relieved. If the PHA team 
concludes that a current and appropriate evaluation (such as the 
use of dispersion modeling) has been conducted, the evaluation 
could find that the vessels/vents relieve to a safe location. If the 
PHA team determines that this hazard has not been appropriately 
evaluated, the PHA team must request that such an evaluation be 
conducted, or make some other appropriate recommendation to 
ensure that the identified hazard/deviation is adequately 
addressed. 

6. Are workers in adjacent units protected from all of the following, Identified Hazard (Finding): 
and are workers in this unit protected from the effects of adjacent jYesl 
units or facilities for all the following: List Existing Safeguards: 

- releases of highly hazardous chemicals? 
Risk (qualitative assessment): 

- toxic, corrosive, or flammable sprays, fumes, mists, or vapors? 

- thermal radiation from fires (including flares)? 

- overpressure from explosions? 

- contamination from spills or runoff? 

- transport of hazardous materials from other sites? 

7. Are there safe exit routes from each unit and process area? Does jYesl Identified Hazard (Finding): 
there appear to be enough landings, ladders, and stairs to properly 
access equipment and provide for evacuation in emergencies? List Existing Safeguards: 

Risk (qualitative assessment): 
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FHRPRU001638

FHR Facility Siting Checklist PSM and RMP Process Hazard Analysis 

Question Response Comments (Y IN/NIAJ 
8. Has equipment been adequately spaced and located to safely 

IYesl 
Identified Hazard (Finding): 

permit anticipated maintenance (e.g., pulling heat exchanger 
bundles, dumping catalyst, lifting with cranes) and hot work? Does List Existing Safeguards: 
the spacing and location present a significant process hazard? 

Risk (qualitative assessment): 

9. Is there adequate access for emergency vehicles 
IYesj 

Identified Hazard (Finding): 
(e.g., fire trucks and rescue vehicles)? Are access roads free of 
the possibility of being blocked by trains, highway congestion, List Existing Safeguards: 
spotting of rail cars, etc.? 

Risk (qualitative assessment): 

10. Are access roads well engineered to avoid sharp curves? Are 
IYesl 

Identified Hazard (Finding): 
traffic signs provided? Are driving, parking, and process areas 
where vehicles, forklifts, and mobile equipment can fit clearly List Existing Safeguards: 
marked with signs, lines on pavement, guardrails, posts, and/or 
other barriers? Are the signs, lines. and barriers sufficient to Risk (qualitative assessment): 
protect process equipment and piping from vehicles and lifting IWill change traffic route forl equipment? Are vehicle barriers installed to prevent impact to 
critical equipment adjacent to high traffic areas? large vehicles 

11 . Is vehicular traffic appropriately restricted from areas where 
IYesl 

Identified Hazard (Finding): 
pedestrians could be injured or equipment damaged? Are piping 
and equipment protected from vehicles, forklifts, and other lift List Existing Safeguards: 
equipment/operations? Are small-bore lines (<1 ") and fittings 
protected from external impact and reinforced when in a service Risk (qualitative assessment): 
where they experience vibration? 

12. Are cooling towers located such that fog that is generated by them 
IYesl 

Identified Hazard (Finding): 
will not be a hazard? 

List Existing Safeguards: 

Risk (qualitative assessment): 

13. Is the unit, or can the unit be, located to minimize the need for 
IYesl 

Identified Hazard (Finding): 
offsite or intra-site transportation of hazardous materials? 

List Existing Safeguards: 

Risk (qualitative assessment): 

14. Could specific siting hazards be posed to the site from credible 
INo I 

Identified Hazard (Finding): 
external forces such as high winds, earth movement, and utility 
failure from outside sources, flooding, natural fires, or fog? List Existing Safeguards: 

Risk (qualitative assessment): 

15. Are pipe bridges located such that they are not over equipment, 
IYesl 

Identified Hazard (Finding): 
including control rooms and administration buildings? 

List Existing Safeguards: 

Risk (qualitative assessment): 

16. Where applicable, are safeguards in place to protect high 
IYesj 

Identified Hazard (Finding): 
structures against low flying aircraft? 

List Existing Safeguards: 

Risk (qualitative assessment): 
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FHR Facility Siting Checklist PSM and RMP Process Hazard Analysis 

Question 
17. Are appropriate security safeguards in place (e.g., fences, guard 

stations)? 

B. LOCATION OF CHEMICAL INVENTORIES 
1. Are large inventories of highly hazardous chemicals located away 

from the process area? 

2. Is temporary storage provided for raw materials and for finished 
products at appropriate locations (e.g., chemical cylinders and 
totes, additive pallets)? Are the inventories of highly hazardous 
chemicals held to a minimum especially in process areas? 

3. Where applicable, are reflux tanks, surge drums, and rundown 
tanks located in a way that avoids the concentration of large 
volumes of highly hazardous chemicals in any one area? 

4. Where applicable, has special consideration been given to the 
storage and transportation of explosives? 

5. Have the following been considered in the location of material 
handling areas: 

- fire hazards? 

- location relative to important buildings and off-site exposures? 

- safety devices (e.g., sprinklers)? 

- slope and draining of the area? 

C. LOCATION OF LOADING / UNLOADING AND 
STORAGE FACILITIES 

1. Was the area(s) designed with spill control, drainage direction, 
destination, and/or treatment capacity? 

2. Are materials segregated by storage, dikes, sumps, drains, sewers, 
waste etc.? Is there adequate segregation of materials that are 
incompatible that if mixed could lead to a significant release of 
event? 
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Response 
(YIN I NIA! 

~ 

IYesj 

IYes l 

IYesj 

INA I 

IYesl 

!Yesl 

IYesl 

Comments 
Identified Hazard (Finding): 

Add fencing near pilot 
building 
Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 
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Question Response Comments (YIN/NIA/ 
3. Are tank service changes governed by an MOC process? 

IYesl 
Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

4. Is the area labeled with unloading spots when different materials 
INA I Identified Hazard (Finding): 

are handled? 
List Existing Safeguards: 

Risk (qualitative assessment): 

5. Are grounding/bonding equipment in place to protect against static 
!Yesl 

Identified Hazard (Finding): 
discharges and is the equipment periodically inspected? 

List Existing Safeguards: 

Risk (qualitative assessment): 

D. LOCATION OF ENGINEERING, LAB, 
ADMINISTRATION, OR OTHER BUILDINGS 
AND STRUCTURES 

1. Are all buildings and structures adequately protected by separation 
IYesl 

Identified Hazard (Finding): 
or building construction from HHC inventories and release points? 
Are administration buildings located away from inventories or List Existing Safeguards: 
release points of highly hazardous chemicals? 

Risk (qualitative assessment): 

2. Has any building occupancy increased since the last PHA? Have 
IYesl 

Identified Hazard (FindinaJ: 
these changes been evaluated including the technical basis, safety INeed to update emergency I 
and health impacts, and emergency plans updated as needed? plans 

Risk (qualitative assessment): 

3. Have buildings or trailers been added or moved? Have these 
INo I 

Identified Hazard (Finding): 
changes been evaluated including the technical basis, safety and 
health impacts, and emergency plans updated as needed? List Existing Safeguards: 

Risk (qualitative assessment): 

4. Have there been process changes that might present a hazard to 
!No I Identified Hazard (Finding): 

buildings, trailers, temporary structures, pipe-racks, or H HG 
inventories? Have these changes been evaluated including the List Existing Safeguards: 
technical basis, safety and health impacts, and emergency plans 
updated as needed? Risk (qualitative assessment): 

5. Has the hazards associated with the location of equipment on the 
!Yes! 

Identified Hazard (Finding): 
roof of buildings (e.g. HVAC equipment) been evaluated? 

List Existing Safeguards: 

Risk (qualitative assessment): 
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Question Response Comments fY IN/NIA) 
6. Can building ventilation system(s) prevent air ingress or a ir 

INo I 
Identified Hazard fFindinaJ: 

movement within the building? Are there hydrocarbon and/or toxic !Contact Tracy Clem for 
I detectors that shutdown the fresh air intake? Does the building clairification 

have a pressurization system? Are there procedures or process to 
purge supplied air at restart? Risk (qualitative assessment): 

7. Is there a back-up air system (breathing air or similar)? Is there 
INo I 

Identified Hazard (Finding): 
sufficient bottled air for the building occupancy load? Are these Contact Tracy Clem for 

I regularly inspected to verify ready for use (adequate air, mask, 
clairification hoses, etc.)? 
Risk (qualitative assessment): 

8. Are indoor safety control systems such as sprinklers and fire walls 
IYesl 

Identified Hazard (Finding): 
provided in buildings where personnel will frequently be located, 
such as control rooms and administrative buildings? List Existing Safeguards: 

Risk (qualitative assessment): 

9. Are workers in buildings (or' their escape routes) protected from all 
IYesl 

Identified Hazard (Finding): 
of the following: 

- toxic, corrosive, or flammable sprays, fumes, mists, or vapors? List Existing Safeguards: 

- thermal radiation from fires (including flares)? Risk (qualitative assessment): 

- overpressure and projectiles from explosions? 

- contamination of utilities (e.g., water)? 

- contamination from spills or runoff? 

- transport of hazardous materials from other sites? 

E. LOCATION OF THE MOTOR CONTROL 
CENTER 

1. Is the motor control center (MCC) located so that it is easily 
INA I 

Identified Hazard (Finding): 
accessible to operators in emergencies away from known hazards? 

List Existing Safeguards: 

Risk (qualitative assessment): 

2. Are circuit breakers easy to identify? 
INA I 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

3. Is the motor control center designed such that it could not be an 
INA I 

Identified Hazard (Finding): 
ignition source? Are the doors always closed? Is the motor control 
center designed and meant to be a safe haven? List Existing Safeguards: 

Risk (qualitative assessment): 

F. LOCATION AND DESIGN OF CONTROL 
ROOMS 

1. Is the control room built to satisfy current corporate overpressure 
!Yesl 

Identified Hazard (Finding): 
and safe-haven standards? Does the design basis and 
construction for the control room satisfy acceptable criteria (e.g., List Existing Safeguards: 
the Factory Mutual recommendations)? Is a positive pressure 
maintained in control rooms located in hazardous areas? Risk (qualitative assessment): 
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Question Response Comments (Y /NIN/Ai 
2. Are workers protected in the control room (or their escape routes) IYesl Identified Hazard (Finding): 

from all of the following: 

- toxic, corrosive, or flammable sprays, fumes, mists, or vapors? List Existing Safeguards: 

- thermal radiation from fires (including flares)? Risk (qualitative assessment): 

- overpressure and projectiles from explosions? 

- contamination from spills or runoff? 

- transport of hazardous materials from other sites? 

3. Is at least one exit located in a direction away from the process IYesl Identified Hazard (Finding): 
area? Do exit doors open outward? Are emergency exists 
provided for multi-storied control buildings? List Existing Safeguards: 

Risk (qualitative assessment): 

4. Are vessels containing highly hazardous chemicals located IYesl Identified Hazard (Finding): 
sufficiently far from control rooms? Is the control room located a 
sufficient distance from sources of excessive vibration? Are open List Existing Safeguards: 
pits, trenches, or other pockets where inert, toxic, or flammable 
vapors could collect located away from control buildings or Risk (qualitative assessment): 
equipment handling flammable fluids? 

5. Were the following characteristics considered when the control IYesl Identified Hazard (Finding): 
room location was determined: 

- types of construction of the room? List Existing Safeguards: 

- types/quantities of materials? Risk (qualitative assessment): 
- direction and velocity of prevailing winds? 

- types of reactions and processes? 

- operating pressures and temperatures? 

- ignition sources? 

- fire protection facilities? 

- drainage facilities? 

6. If windows are installed, are they of rigid construction with sturdy IYesl Identified Hazard (Finding): 
panes (e.g., woven-wire reinforced glass)? 

List Existing Safeguards: 

Risk (qualitative assessment): 

7. Are critical pieces of equipment in the control room well protected? IYesl Identified Hazard (Finding): 
Is adequate barricading provided for the control room? 

List Existing Safeguards: 

Risk (qualitative assessment): 

8. Where piping, wiring, and conduit enter the building, is the building IYesl Identified Hazard (Finding): 
sealed at the point of entry? Have other potential leakage points 
into the building been adequately sealed? List Existing Safeguards: 

Risk (qualitative assessment): 
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Question Response Comments (YIN/NIA) 
9. Could any structures fall on the control room in the event of an !No I Identified Hazard (Finding): 

accident? 
List Existing Safeguards: 

Risk (qualitative assessment): 

10. Is the roof of the control room free from heavy equipment and IYesl Identified Hazard (Finding): 
machinery (e.g. HVAC)? 

List Existing Safeguards: 

Risk (qualitative assessment): 

G. LOCATION OF MACHINE SHOPS, WELDING 
SHOPS, ELECTRICAL SUBSTATIONS, ROADS, 
RAIL SPURS, AND OTHER POTENTIAL 
IGNITION SOURCES 

1. Are likely ignition sources (e.g., maintenance shops, roads, rail INA I Identified Hazard (Finding): 
spurs) located away from 

- release points for volatile substances (both liquid and vapor)? List Existing Safeguards: 

- process sewers, pits, etc. Risk (qualitative assessment): 
- vessels containing highly hazardous chemicals or components 

containing material above its flash point 

2. Are flares and fired heater systems located to minimize hazards to jNA I Identified Hazard (Finding): 
personnel and equipment, with consideration given to normal wind 
direction and wind velocity, as well as heat potential? List Existing Safeguards: 

Risk (qualitative assessment): 

H. LOCATION AND ADEQUACY OF DRAINS, 
SPILL BASINS, DIKES, AND SEWERS 

1. Are spill containments sloped away from process inventories and IYesl Identified Hazard (Finding): 
potential sources of fire? Do drains empty to areas where material 
cannot pool? List Existing Safeguards: 

Risk (qualitative assessment): 

2. Have precautions been taken to avoid open ditches, pits, sumps, or IYesl Identified Hazard (Finding): 
pockets where inert, toxic, or flammable vapors could collect? 

List Existing Safeguards: 

Risk (qualitative assessment): 

3. Are process sewers that transport hydrocarbons closed systems? IYesl Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

4. Are concrete bulkheads, barricades, or berms installed to protect IYesl Identified Hazard (Finding): 
personnel and adjacent equipment from explosion and/or fire 
hazards? List Existing Safeguards: 

Risk (qualitative assessment): 
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Question 
5. Can dikes hold the capacity of the largest tank plus 10%? 

6. Is there a means of access in and out of dikes, pits, etc.? 

I. LOCATION OF EMERGENCY STATIONS 
(FIRST AID, SHOWERS, EVE WASH, ETC.) 

1. Are safety showers/eye wash stations within a sate travel distance 
from known hazards (10-second walk or approximately 55 feet)? 

2. Are safety showers heated/freeze-protected/wind-protected as 
needed? 

3. Are temporary safety showers and/or eye wash stations (or other 
means) made available for temporary operations, maintenance, or 
activities (e.g. line break and equipment opening) that may present 
a hazard? 

4. Is there a control room alarm for water flow from a safety shower or 
eyewash station? 

5. Are first aid stations prudently located and adequately equipped? 

J. ELECTRICAL CLASSIFICATION 
1. Is there an electrical classification document? Does the electrical 

classification appear correct and complete? Does the electrical 
classification adequately reflect the effects of different modes of 
operation (e.g., normal operation, maintenance, startup, infrequent 
operating modes such as reactor regeneration or operation with a 
portion of the system bypassed)? Are Division 1 areas necessary 
(if there are any)? 
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Response 
(Y / N I N/A) 

INA I 

INA I 

INA I 

INA I 

jNA I 

INA I 

~ 

IYesJ 

Comments 
Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Identified Hazard (Finding): 

List Existing Safeguards: 

Risk (qualitative assessment): 

Page 10 of 12 
PS Owner: Joe Chandler 

The information contained herein has been prepared by Flint Hills Resources LP solely lor use by its employees. Dissemination of the information and/or concepts 
contained herein to other parties is prohibited without written permission of Flint Hills Resources LP. This document contains proprietary information that is protected 
by copyright. All rights reserved. © 2007 Flint Hills Resources LP 



FHRPRU001645

FHR Facility Siting Checklist PSM and RMP Process Hazard Analysis 

Question Response Comments (Y /NIN/A) 
2. Have significant changes made since the system was originally INA I Identified Hazard (Finding): 

constructed been included in the electrical classification document, 
including: List Existing Safeguards: 

- addition of new materials? 

new sources of flammable gases or vapors? 
Risk (qualitative assessment): 

-
- new low points (e.g., sumps or trenches) at grade? 

- areas that have been enclosed since the system was 
constructed? 

3. Are all equipment designed for the proper electrical hazardous IYesl Identified Hazard (Finding): 
area classification and are equipment seals in place including 
conduit boxes and conduit seal plugs poured with seal compound? List Existing Safeguards: 
Are there adequate controls to ensure that electrically classified 
equipment is replaced with equipment of equal or higher Risk (qualitative assessment): 
classification? 

4. Are boundaries between electrically classified areas physical INA I Identified Hazard (Finding): 
boundaries? If not: 

- are the boundaries marked? List Existing Safeguards: 

- are workers adequately informed of the boundaries of Risk (qualitative assessment): 
electrically classified areas and their significance? 

5. Are the design and maintenance of ventilation systems adequate, INA I Identified Hazard (Finding): 
including: 

- safeguards to alert operators when a ventilation system fails? List Existing Safeguards: 

- ventilation systems being properly maintained and alarms and Risk (qualitative assessment): 
interlocks on these systems periodically function-checked? 

- adequate maintenance being done to function-check. natural 
ventilation systems? 

- technical basis for design changes to the ventilation system? 

- ventilation systems verified to be adequate for new gas or 
vapor loads? 

K. EMERGENCY RESPONSE 
1. Are there hydrocarbon and/or toxic detectors that are maintained INA I Identified Hazard (Finding): 

within a calibration and inspection program? Are they adequate to 
detect and help mitigate releases in the areas being studied? List Existing Safeguards: 

Risk (qualitative assessment): 

2. Are isolation valves easily accessible and located away from INA I Identified Hazard (Finding): 
known hazards (pipe-racks and HHC inventories) if possible? If 
located near known hazards, are they adequately protected to List Existing Safeguards: 
ensure they function as needed and/or are there alternate means 
to isolate or mitigate? Risk (qualitative assessment): 

3. Do large HHC inventories (large vessels and columns) have rapid INA I Identified Hazard (Finding): 
isolation capability? 

List Existing Safeguards: 

Risk (qualitative assessment): 
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Question Response Comments (YIN/NIA) 
4. Can personnel easily detect leaks/ruptures in the area? Are 

IYesl 
Identified Hazard (Finding): 

process-containing piping or equipment visible so that leaks can be 
detected? List Existing Safeguards: 

Risk (qualitative assessment): 

5. Are fire equipment (hydrant, monitor, and deluge valves) and other 
IYesl 

Identified Hazard (Finding): 
emergency services located at ground level, without obstructions 
which could interfere with hand-on operation? List Existing Safeguards: 

Risk (qualitative assessment): 

6. Are fire equipment (hydrant, monitor, and deluge valves) and other IYesl 
Identified Hazard (Finding): 

emergency services located away from known hazards, pipe racks, 
and HHC inventories that might present a hazard to employees List Existing Safegvards: 
operating the fire equipment? 

Risk (qualitative assessment): 

7. Is fireproofing insulation where required on process piping, 
INA I 

Identified Hazard (Finding): 
equipment, critical controls, cable trays, critical utilities, and support 
structures installed; regularly inspected per Ml program and List Existing Safeguards: 
procedures; and in good condition? Is fireproofed equipment 
adequately protected from or routed away from pumps and Risk (qualitative assessment): 
compressors and other known hazards where seal fires could 
damage them? 

8 . Have all sources of ignition been eliminated or controlled? Are 
jYesl 

Identified Hazard (Finding): 
there any ignition sources such as flares or hot oil heaters 
(continuous, occasional/intermittent, and uncontrolled) within List Existing Safeguards: 
250 feet of likely release points (e.g., vents, drains, etc.)? 

Risk (qualitative assessment): 

This information was reviewed and discussed by the PHA team and the notes compiled by: 

Name: !Dave Schmitz Date: 110/4/2012 
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C1V1L - sccnOM 
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NOTES: 
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~~s~~~ PLATE LOCATION PLAN § 

N01C: THIS LOCATION iS O{NOTEO AS A Fl.OOOWAY 
e1osE flOOD ELEVATION IS 4~4.:ZO' PEP' f [MA 
REPORl roR PERU. IL, D CROSS '$CCTION 22.l02, 
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NOTES: 
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1342 DRAWING INDEX 

ORAWlNG NUMBER DRAWING NAME OATEc REVISION 
STRUCTURAL OESlGN CRITE:RtA 

G-<l1 ORAWING INDEX 12/02112 0 BLAST PRESSURE: 5.0 PSC FOR 200 MILLISECONOS 
WMl/0 DESIGN CONDITIONS 11 S MPH, EXPOSURE ~c• 

G-<)2 GENERAL SPECIFICATIONS 12/02112 0 Wt,NO LOAD: ASCE 7 (DETERMINEO 8Y IBC 2012} 

ROOF LIVE LOAD:: <4 PSF 

A-01 FLOOR ?lAN 12/02}12 0 EARTHOUAP<E: A.See 7 (OETeRMINEO BY lBC 2012) 
SEISMIC DESIGN: CATEGORYB 

A-02 FLOOR Pt.AN DIMENSIONS 12/02/12 0 
OCCUPANCY CA TE GORY: II 
FLOOR LIVE LOAD: BUSINESS 75 PSF 

A-03 ARCHITECTURAL ELEVATIONS 12/02112 0 
OESIGN CODES 

A-04 CROSS SECTION DETAILS 12/02/12 0 2012 INTERN.AT IONAL BUI.DING CODE 
2012 INTERNATIONAL PLUMBING CODE 

M)6 ACCESSlBILITY ARCHITECTURAL DETAILS 12/02112 0 2012 INTeRNATIONAL MECHAN~ L CODE 
2011 NATJONAl. EtECTRIC cooe 

A-06 CABINET OETAJLS 12.-'02/12 0 

s -01 STRUCTURAL FLOOR PlAN 12I02112 0 PROJECT NAME: A.INT HlJ.S RESOURCES 
PROJECT AOORESS: PERV l. . 

5•02 STRUCTURAL ELEVATIONS 12/02112 0 • PROJECT OESCRIPTION: PILOT Pl.ANT CONTROL ROOM 
NEW BUILDING USE GROUP: 8=8USINESS 

S-03 STRUCTURAL PENETAA TION LOCATIONS 12/02/12 0 ALLOWA8'..E SO.FT. e-.,&60SQ.FT. 
NEW BLOG. CONST. TYPE V-8 

S-04 STRUCTURAL DETAILS 12102/12 0 NEW BUILDING FLOOR .AREA & USE NEW FIRST Fl 00R><480 SO.FT. 
AA.EA INCREASE FOR FROJIITAGE: NO 

S-OS VENT PIPE DETAIL 12/02112 0 
8UtlOINO FULLY SPRINKLED: NO 
AREA INCREASE FOR AUTO SPRINKLER NO 
ADA COMPUAAIT DUE TO SL.AST RESISTANCE REQUIREMENTS, 

5 •06 GUTTER DETAILS 12J02/12 0 DOOR OPENING FORCE Wil l £XCEEO ADA. 
CRJTERIA 

S-07 STRUCTURAL ROOF/ FLOOR FRAMING Pl.AN 12/02112 0 t£.W USE GROUP B OCCUPANT LOAD; 480 SQ.FT. G 1Cl0 SQ.FT. 
/PERSON•• PERSOH 

S-08 STRUCTURAL FRAMING B.EVATIONS 12/02/12 0 

S-09 STROCTURAL WELOING OETAILS 12/02112 0 NOTES; 
/J, I .lliJdJ 

P-01 PWM81NO LAYOUT DIMENSIONS 12/02112 0 
r.-7uJiLDING SET BACK.: GREATER THAN 20' FROM ~k~~-P. ;,,,✓// COMMON OR ASSUMED PROPERTY LINE. 
2. WHEN BOTTI..EO DR1NKtNG WATER IS REOUIREO 0 .... 9// ........ 

P-02 PLUMBING RISER DIAGRAMS 12/02112 0 IT SHAU 8E PROVIDED Ofll SITE BY OTI-IERS I;.:.---~;~~/~(\ 3 . WHEN SERV5CE SINK IS REOUtAEO IT SHAll Be 

E-01 ELECTRICAL PANEL SCHEMA TIC/ LOAD ANAL VSISI LEGEND 12/02/12 0 PROVIOEO ON SITE BY OTHERS. 

E-02 ELECTRICAL POWER PlAN 12/02/12 0 
:: : STRUC·t1,HAL i :i 
\ ,/ · .• ENG!N~ER / j 

E-03 ELECTRICAl LIGHTING PLAN 12/02/12 0 -:, ... ~ii·•·········•·;O~~ 
E-04 COMMUNICATIONS LAYOUT 12102/12 0 

,✓,,1,1 OF it.\..\:,,, ..... 

E-05 REFLECTED CE:JLING PLAN 12102112 0 
''J"?fln• 

M-01 12'02112 0 I HUNTER 
THlS IS A. PROPRIETARY DOCUMENT CONTAINING 

MECHANICAL OUCTWORK ANO REGISTER LAYOUT INTELLECTUAi.. PROPERTIES OF HUNTER BULO~ & 
MANVFACT\JRING, L.P. NO PORTION MAY BE COPIED, 

M-02 MECHANICAL OUClWORK CROSS SECTIONS 12/02112 0 Ol$CLOSED, OR USED TO MANUFACT\JftE WITHOUT 
WRJffEN AUTHORIZATION OF HUNTER SENIOR 

M-03 MECHANICAL OUClWORK OE.TAILS 12102/12 0 
MANAGEMENT. 

M-04 MECHANICAL EQUIPMENT SCHEOULE ANO DUCT DETAILS 12/02112 0 h FLINT HILLS RESOURCES 

M-05 AIR FLOW DIAGRAM, SCHEOLA..ES AND SeQUENCE OF OPERATIONS 12/02/12 0 PILOT PLANT CONTROL ROOM 

FLINT HILLS DRAWING INDEX 
-- ll!~~~UO:t f'<•--

•v DATE 

DRAWN: LM 8/07/12 SCALE: N.T.S. 

CH ECKED: JD 8107/12 JOB. No. 1342 

ENGINEER: 
0 12/01112 tsSUEO FOO CONSTRUCTION JB JO --- Fo 

NO. DATE DESCRIPTION 
APPROVED: - - - G-01 

BY CHKO. NO. DATE DESCRIPTION BY CHKD. 
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Qr, h•n Panmi:1~0• The SU\1c:1u1t will M d« igned 10 withsu1nd a 5.0-PSI Pt•k f'rce field ovorp.usure and a 
200nillGttOlld dutation -.-Ith the c:rilcN for ASCE "High Rc1pon5e'" in D«Clfd.atiCe "A-Ith ASCE 2010 
P\lblict1lol'I · Design ormut Resistant Buildings ll Pelroi;.hfflucal F.aeil1tle,•. Second l;ditilM'I. 

Si,e: 12' Wide x 'IJ Leng :ir 11' '1' High (nonin,I) co~ le•e with rhe followinR feat um: 

Ott llM -
Slffl STR"fJJ/Bf• 
Bue..: Pc:riJrelcr, HSS~61ubc, ASfM ASOOG-adc-8 \Yifh HSS 6x2joisls@ 24• O.C. 

Colvl'ITII: HSS 6 :ir 61vbe-, AS'TM ASOO Chde-a 
R<tof. Perimt:ter, HSS6:a:6 tube ASTM A500Cndc-8wilh C'6x IO,Sjois.1s@l'4" 0,C 
Si,jin&: I0Gewgc Piel(;, ASfM A J011.J6wilh 3 11.2~ crln;, prorac 

& uoitt 12 Gwgc Flal Plate, ASTM A 101 1-36. 
Roof! 12Gt.ugeflet Ptatc.ASTM A 101 1•~ 

4 EA Top liftitlg padcye, u ch mxlulc 

~erior (Iilsh a, fotows: 
• Co~r'C'ial91ul 

• Primc: co111:1f:z..tnilepo:r.y 
• Top COIi o f3-S mil polyurcth&nc, ColorTBO 
Note: P.aiu eobrto much 1be main1e-.nanc:c build Wig & goard hou.sc, per cimt't reques1 p,tvio\1$ job. 

£1.JXJB., 
Oieebios:: Singie Llycrof I 11s· plyw'Ood Stunl-1-Flbot, D'\mDed pcrpt:11ditulu to lhe-SINclllllljoisl system 
Floor lnsula.lW>n: R•l9 Kna.ft 6.cied &esata.u Md I 1/2'" semi-ri&id iruulttion ro, 1benndbiuk. Contiinod R-2S.2 
V•por Barrier: 6 mil polyethykne 
Colluint:: ~ 118" lt 12" lt 12"' (:Oll'ffCR:ill 1radc lbor 1iJe, A..rmltOt'IJl No. Sl904 "1110 " 
Bue: 4 '" vinyl cove buc 1hrou1hou1, O)!Qr: ·0o~ oay•, 

PERIMETER INTER/QR Wtfl l+Si 
ftJl'IWIS:St«ls!uds.6" :a:20gauge@ 16" O.C. and 20aauie, formed 1op a:ftd bollomtnlCk, T 11"' ccilin.1 hc'1,h1. 
W1oll Covering: 518" vinyl COYered u•psum wkh ,..rc.hina bancns, type X. "iBD". 
W&Jl lnsut&t ion: R-19KnR t.c~ flberabu. 
VaJ)Ot Burler. 6 mllpolye1hylenc 

PABUTIONIYdllS· 
fnirrir.1 : $1:cd s tudt,3 SIS- x20i::augc@ 16'" O.C. and lOpwa:c formed rop ~nd bouomrract, 7 l r ccH'lg height, 
w an Cove-ring: Slfr' \'il1ylct1,,.ert.d g_ypsumwirh tmtchin11, b1t1i::ni, 1ypc X, .. TBD". 
lnlctlot ll\~utukln: R-IJ Kn.ft Weed fibcrtlt.U, 

= Ceil~a:Suspended acou11tlc-a1, l'nm:1t1I 11ier, l'iuu~ p,.uerri, '! x~ grid.Ct:nainTccd •e.roque~. 
Roof lnsuililtion:R-]O, Rigid lo1mOwcns Comln; Fomult.r2.50and r 1ell'Higid insut111ion bo~rd: coni>ined R-38.7 

SubCcimg: tf2• C,,psum 
V1por Barri-:.,: 6nil polyetbyleM 

~ 
2 EA Blerior:36'" x80"' Steel reinforced S.OPSJ Blast Ra1ed, with e.llla. heavy duty h.intes,kcyt,d tev« ll1chsct, 

HD hyd1111,1l+e dooc-closc,, p;1nlc push bar and d'l) cap. (ErJon,omk Handkl) 
2 EA bzcrior OoorV15ioll Pal\C1$: 7 ur i? 1r2· 311• bmlnatcd n fety 1:,1&ti111 
2 EA NMTCpllcr:s: If' x6' C11J;rtvcd ~t.a.ink's11 steel moo.n1ed one ot e~dl eJllerior daor 
2 f'.A tn1erior.)6'" xacr, prcfil'ldbcd, 1olid co~ mct•I tr.R 
I EA H.udware:Privacy lcverla1th1et1 
2 EA Hudwa1t: Pusa.gc lever ~lch~C1$ 

~ 
2 EA v.terior:36" :a: lO'' S.0 PSI r,1ed, r~d i:ion opetsble 

lJ.J,JM.!J..!1i 
Supply: Cross•bl.ked polyethyienc (PfX) pipiila c/w Ctln1)td &tings and shtll offs 11 aO fwures 
OWV: P\o'C, Sc:b 40,IDllll)k;dildui!J.c po'11~. &!em.a.I "MANIFOLDS BY OTHERS" 

I l?A W•1er Oi:ners: Elongated taok type, 1urdiuh~c wlopen front se.al. 
I EA Ulvatocy: '20'' 1t 17• vilreout china irl ._.anic)' bMc c-11bine1,pllu11C 1Dmlte rop and su.r&ce fin is:h, 

Cobr. •O::,veC.,.y• , wiit1t iuu\ued stipplies and tf<\P. 
I f.,,\ Sink: 2S'" xn•. 11lnt\e bowl sta«'llen t lccl. wf1;iechcn f1u«1 
1 F.A Taakkss Watcr Hca.ter:Point ohsc.240Vo1t,&1TUSP.5SOL 
J EA Acceuorics: Singie ,ol toilec tissue dlspenstr, d u'Omt . 
I EA M1$N,la.neOUt : E.1:u,r111I p luntiing vent 
I EA Miscclancou1:Wa1cn41vc lbrcticn1vse. 
I EA Miscebneous: Water valve lor ttfngcntor ice milter 
I EA Floor OraN: l" P'-C"" m p au•rd. Needs one hook-up in t illc.hm for MIier cooler, 

Note: Rcquimd plunilirtg fixtures an: ADA con,,liant. 

= 
I rcA 

, .,m,11? I L~<.1.N;D FO R CONSTRUCTION 

N Q I D ATF DESCRIPTION BY I CHKD. I NO. I DATE DESCRIPTION 

El ECTRICdl ·('Ca111;,,..,,4, 
7 EA Li&,htSla; Fb.iort1«nt, 7' i 4', two (2) lube l1y-i11 tro•fteff, )2 W au t-8 b !Tl's, cle<:1;onlc dfflftl'lf t,11b11ts and acrylic diffuser 
I EA Uthtitla:: Fluorr:sce.n1, 7' x2', two (2) h1bc. 1ay•in 1ro l'kra, 17 W•U T--i lall1)S, eltttt011lc dirmil1a: b1ll1ts and acrylic diffusn 
2 EA Llghtillg:E.1uriorwca.th.nn:1iis1a111 150W Ui:D 
I EA Pholo Celt: &scriorwcad'1cr ~ist-.Ul, r,ced for Class I Division 2 loc:ations 
O~ l's:t.1· t (Ju(e et1l1e 0·111 egm·,u ~1n 1 ulen11ilan111h 1r1le\.w'ldi,j, 
2 EA Ucbtitii: ~rgency/ Exi1 conilinatioo, inca11de1ce.111 dual head II~ •, lead..c11lc.i1m19()ni1uue batk.--ry bacb.ip 

21 EA f«cepl.U'IH: NEMA S-20R, 120Vo11, 20 A"I', dup~~,,,.;1h \lrhltc cover plate 
2 EA Receptacles: NEMA 5-lOR, 120 Voll, 20 A~, CFO duplex with wiite ei;wer plale 

No1e: All wall 1TDv11tcd c.onven-=nc.e teccp1ac.les, c1tept at ~ 11n1a lop, . 10 be ,rovnled II I r A.Ff. 

l EA Rc,;cptaele.: NEMA S-20R., 120 Volt, 20 An,,, moun•ied adjaccac 10 HVAC sys1cn,s.. <;CJ 
I EA W•te.r He11er R.ecep.tac~ NEMA U-JOR. 120 Voll, )0 ASfll, , ... ate, wih Stainless uul (:Ol'eJ pl111e 
6 EA Swil:c-hc-s: Siaglc polc1onle, t20VoJt, 20 An,>, wit:'b M'litc covnplale. 
2 F.A Swiichcs: Thn:c way 10u;te, 120 Voll, 20Aff(), wilh, v.i\ile cover plate. 

A a switch~ tl)hetl't'H).nltdlt#' AFF. 
14 EA. OatAIPhonc bo.:s: 4~ i.4" j.mcdl)11 tN°>JltS wt'J(c• EMT 11uhbed into the crilirigc1Yily.Mounled @ 13• AFF. 
.S EA Junci.ion Box: ll" i,;4~ wfj/4~ EMT s tubbed iruo lhe:criling uvity,fordcnl p,ov~cd • rtd ln$ta11 fwe ptOtection eq_uipmcn1, Mountcd @80" Af'F ous 11:01ed. 

2 FA U'01:1ndi11g: 3" xlM i,, 1/4" slai.nku 11tcclp11ds welded toopp01ilc comets fot field conntetion rorc.licm. 1roundi.o1 l1,1p. 

COYMUNICd T/Q{'(S• 
14 FA Mod1&p RJ45-5689dupk.xjiicka: c,,;:h with {l) jul t'orvoic:c and (l) jlcb lor lAN WRd W11h CAT X. pl.:nwmrated cabit 
I FA ~eriorPunao~w/bl(;kpla.te..N'EMA 4,6MJl6•»r 

,a.EA,~~ 

= 
.... ............... 

l ~teg1W.l I l l'ia 1.f~ 
BnelN4ril r ... ~ Ai,0.~ 

·,~~~~:1;.1,,,,, 

I EA Thcm:ostat: Progr;umab~ 1rountcd@f:11' AFF, Honcy--cJITH6z:zot:>..oM. l7~;;~;;1~i~f f \ l EA Bb11 O.rq:icni: Located at HVAC opcnin11, &iettcch sc~ IOI. (oreq,uJ} tim according to opcoing 
I I.DI SUpply Duel: C::.lv1nizd •nd S')51,11,Jtcd mnu:I 1n111k 'Wilh flexdmp~ lo 7' x'rhigh volume adj.n11b1c = ~ ST~uc:-•;;f1t1l ; ~ lay-in up ply n:gialcn:. De1ia:111~ in accordance wilh SMACNA b w pr~n1,1~ duel Sl~nd.ana. 

Rctum: ~ ceiling pk.num 
l EA &hau~t Fan; 100 O:M, cel)in,g irountcd and c~I.U51Cd 10 e:iocrior, tk-0111 68,4. \j;/:~:~~~\k/ 
9Lf 
HP 

4..S LF 
9.S l.f ... 

GAS'OEUCVQN• fN,,,,, fmrl"rdt ' 11, ,~ OI= \L\..'\ ,,,, 

fUtNIWttfC$/EQU/PMENt· 
Wott ~ation. Ouk Top: JO" deep plils lie 1t.lfffl11e t)vct plywoOd subm1te,Color"' Dove Gray" '?~J'f/11-
Wol'i Station Ca.birle11: Plywood Subsire.u, with plastic lal'rinate . .sutf.aet.flnish.C.Obr. "'Oove<hy". lllP 
Kile-hen Bo1c C'abincla; Plyl'lwd Subs1ra1e with be'Wlate surface f1nish with pla,u .C: lilmiD11e. iop, and t11e11csildrawe.rs. Color. '"Dove Chy~. TBD 
K.i1cm:.n Wall Cabincis: P1yMM)d Subt.rnlc. l'litll plas1.C: ~nw:la1~ ,~dace finish, Colar: •0o,•e (h.y• TRri 

Bilill'ii~ernlT tleeeeliltil'ii! lalM1lllllt1 .. ~lnUe H$ e Ph a.@S ibh9Lll~.snleF"9B ■ U'lt'.! 1 
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THIS IS A PROPRIETARY DOCUMENT CONTAINING 
INTELLECTUAL PROPERnes OF HUNTER Bl.HLDINGS & 
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END CAP BY OTHERS 
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BY 

~,~.;..,{PJ5, 
NOTES: 
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FLOOR FRAMING PLAN 
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CP.O, 

CP~ 
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c, ... 
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CM!I 
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Dli&CRIPTION QTY. 
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4. SPl<.CE e!ITWEEN &OTTOM TV8E. ANO G'"°E SH,\U BE 

Cl,OSED AFTER SETTINO OF MOOUl.e, 

I HUNTER 
THtS IS A PROPRIETARY DOCUMENT CONTAINING 
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MANUFACTURING, LP. NO PMTION MAY BE COPIED, 
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MANAGEMENT. 
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AHO MINtMUM BEAR.ING PRESSURE OF 2~ PSF, 

3. FOUNOATJON OEStGN IS THE RESPONSl8fUTYOF THE CLIENT 
4. SPACE BETWEEN BOTTOM TUBE ANO GRACE SHAU. BE ct.OSED 
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0 FL.UOAESCENT 2X2 1,.AY lN 2 TUBE 

~I l l l 
~ EXIT/EMERGENCY UGHT WITH BATTERY BACK-UP 

Circuit Dffcrfl!!oa I I Bruk!r j I Bruker j I O reult Dttcrl~OII ~ 
~..1. Main Bruker IOOA-2P ; - - - - 1 "'-'•lP 1:,raxSP.SSDL 2 #IOTHHN [11!) EXTERIOR COMMUNK:ATIONS JUNCTIO N 80.X NEW. 4 

_ _ , __ .J. l L ~ __,l__ 
_ _ 1 __ .1 

' I T- I->- - 20A-IP Rec:cet•~rn ..!. 11112MC >® EXTERIOR UGI-fl, 150W LEO -- - ,- ----~ _]_ Rc«p11cles (4~ 20A-1P - - - - 10,,.-IP ~fiigcnilor .!. ~ 11' OUPLEX RECEPTAClE, 120V, 20AMP - ~ 
~ .!.. GFCI Rtt~1aclts (J! 20A-IP ---- ->- - - 20A-IP R.ccS!t•des {4) J!! 00~ GFO WEATHER PROOF RECEPTACl.E, 20 AMP 

~ rl.! Eiocrior CFC1 Recce1~ lu ! 0 20A.- IP -- - ,--- '20A-1P b Ct(?l1.Clc1 ! 4l ~ ~ 

~~ R«-ce1ai:.1csc•i 20A-IP ---- - - 20A- IP W1jh1l,,aF!:I!'. &nier. Ug. !2!'.fMS Pl ~ 1n2MC 11:~~. GFO OUf't.£): RECEPTACLE 120V, 20 AMP 

~ µl &rcnclr!:!;htQ) 20A-1P -- ->- - - 20A, 1P ~-~ ....!§. --- 8 tt 30 AJJP T'MST/LOCK RECEPTACLE 

---- e!l =·"' -- - S ace ,l! - -- $ SW1TCH SINGLE POlE, 120V. 20 AMP 

--- - ..!2 ""'"' --- s-u ,.lQ --- $,. THR.EE WAY SWITCH. 120V, 20 AMP 
_ ___ .!_I_ 

~c~ - Sf!" .E - - >- - - --- «r., VOICE/DATA 01.IPI.EX JACK, 1 VOICE/ 1 OATARJ45.S68A/8 

--- ~ Sf!" -- _,_ -- SDIIU ~ - - -
- -- ~ Sea.cc -- - - - - Sn11c-e ~ - -- c;iiiiil LOAD CENTER 

___ _ ,E 
'"'"' - - - Som el! --- 0 THERMOSTAT - - , 

_ __ ,Z! Sp.ae:f: --- _ ,_..._ .... S,,.,e, clQ --- ~ EXH,t,UST F.&.N 

~ VE.Hf WTTH 9'RO SCREEN 

.LoadAlli\'IIJ: = PLUM8ING VENT Pt?E 

Ckt.LD. Amp Clreul1 Ducri...Son @ PHOTOCELL ···--"-1/YS 100,. Ma91Braffl Co.ntttf:dlosd Cal<:ulaltd Load """" arcuit l,..oad J-80X FOR CLIENT PROVIOED ANO INSTALL 

'" JOA Ell"lllxSPjjDL l~l2w 10.Sll.O 1.0 10.Sll,0 [!] A RE PROTECTT10N EQUIPMENT ~ ~- NA,yG. 
6 20A Rc,-11dc~n, 3lll80w S40.0 1.0 S400 o ............ ~'\ 
• 20A Rtf,...,.tatl)f '"°"' 1,...0.0 ,.,, l,!00.0 /062·0312~·-.. \ 
9 20A CFO Rece 1aclc, tJ\ 3~l80w ><0,0 1.25 .,,,. 
10 JOA .Recc 1.ac:IC$(4\ 4dROw 720.0 lb no.o I *! LICENSED \ ~ 
11 20A E,iterior GFCI Retf:l'llaclu (1 \ lxl80w 180.0 1,0 180.0 ! PROFESSIONAL ; *I 
12 20A Rt:«ftl.ae:ld: 1-4'1 4:d80w 720.0 1.0 720.0 ~ ENGINEER / I 
1J lOA Rt:ttn!ACb {4\ 4x180w 720.0 1.0 720,0 ·•• OF /~ 
14 20A [jg]\tWJ" f 1vr-,.u ... rn 7,64w+li(l4w+2d..4w+~w '98.8 125 .... !li-':.:.•.::::··~O 
" 20A P:di:,riorllnht"' 2id50w 300.0 1.0 ···~ 

NECT'bl 220.12 Li"ht1n,.3.5W f ft2 l..SYax oil80d 1680.0 1.25 2100.0 V 
T04a1 17.967,0 

LOAJ>• 17,961.00 VA /lOSVoltJ / l.7la ~ Ar1111 

DECO 5 2012 
NOTES: 
~ THHN WIRE TO 8E RUN IN 314~ EMT MINIMUM. MAXIMUM Of 4--20 

AMP CIRCUITS INSTALLED IN EACH EMT CONDUIT. ALL OTHER 
CIRCUIT SIZES TOBE RUN SEPARATELY. 
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OISCLOSED. OR USED TO tMNUFACT\JRE WITHOUT 
WRITTEN .AUTHORIZATION Of HUNTER SENIOR 
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Baker Engineering and Risk Consultants, Inc. (BakerRisk) made every reasonable effort to 
perform the work contained herein in a manner consistent with high professional standards. 

The work was conducted on the basis of information made available by the client or others to 
BakerRisk. Neither BakerRisk nor any person acting on its behalf makes any warranty or 
representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of 
the information provided. All observations, conclusions and recommendations contained herein 
are relevant only to the project, and should not be applied to any other faci lity or operation. 

Any third party use of this Report or any information or conclusions contained therein shall be at 
the user's sole risk. Such use shall constitute an agreement by the user to release, defend and 
indemnify BakerRisk from and against any and all liability in connection therewith (including 
any liability for special, indirect, incidental or consequential damages), regardless of how such 
liability may arise. 

BakerRisk regards the work that it has done as being advisory in nature. The responsibility for 
use and implementation of the conclusions and recommendations contained herein rests entirely 
with the client. 
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1.0 INTRODUCTION 
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The Flint Hills Resources (FHR) Peru site is located in the city of Peru, Illinois along the Illinois 
River. The site produces expandable polystyrene using styrene and pentanes as the primary 
ingredients. Styrene is both flammable and somewhat toxic, and the pentanes are flammable. 
Other potentially hazardous chemicals include peroxide catalysts and a small propane tank. 

The goals of the current work are to: 

I. Model explosion scenarios using the latest modeling capabilities in the SafeSite30 ® 

software program. 

2. Consider the impact of explosions on al I buildings to be potentially occupied. 

3. Develop a site-wide composite overpressure contour map that can be used to help make 
decisions about future locations of permanent and temporary buildings and process 
improvements. 

4. Provide an overview of fire hazards resulting from dispersion of flammables. 

5. Perform dispersion modeling of styrene releases to determine the distances to both toxic 
and odor threshold levels. 

This report includes the study objectives and scope of work in Section 2, a plant description in 
Section 3 and study methodology in Section 4. Consequence and impact analysis results are 
described in Sections 5. Conclusions and recommendations are included at the end of this report 
in Section 6. More detailed results of this study are provided in the appendices. 
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2.0 SCOPE AND OBJECTIVES 

The key elements of this study are as follows: 

Baker Risk Project No. 01-02611-001-09 
July 2010 

I. Define representative release sources and locations to capture dominant consequence 
contributors for the faci lity. 

2. Define zones of congestion and confinement for the site to support blast calculations. 

3. Characterize buildings to be assessed for fire, explosion, and toxic impacts. 

4. Analyze discharge and dispersion of materials for "credible worst case" (e.g. 2-inch 
hole sizes) for each release location, as well as for other credible events such as 
venting during runaway reactions, or peroxide explosions. 

5. Calculate blast energy for each explosion source. 

6. Estimate blast loads (reflected pressure and impulse values) for each surface of each 
building assessed. 

7. Characterize BDLs and occupant vulnerability values for each building assessed in 
this study based on blast loads and building construction type using BakerRisk' s 
proprietary BEAST code. 

8. Calculate flammable and toxic gas concentrations for each building based on 
dispersion of release cases included in the model. 

9. Prepare a report to document the analysis, summarize results, and provide 
recommendations for reducing excessive occupant vulnerability, if applicable. 

This study focused on the potential for releases within the Peru process area. However, releases 
from the storage and dock areas were also considered. 

2 



FHRPRU001695

FHRPeru 
Facility Siting Study, Final Report (Rev/) 

BakerRisk Project No. 0/-0261 1-001-09 
July 2010 

3.0 PLANT AND SCENARIO DESCRIPTION 

3.1 Building Evaluation 

A list of the buildings evaluated in this study is provided in Table I. The locations of these 
buildings are shown in Figure I. According to FHR, none of the buildings assessed were 
specifically designed to be blast-resistant. 

Table l. Buildings Included in the Analysis 

Building Section Description 
Available 

Plans 
Adjacent 2 story over the corner, rest is 1 story, CMU walls, no 

None 
property I other data available 
Adjacent 

Warehouse across the tracks - no data available None property 2 
Adjacent Multiple 5 story industrial buildings - concrete frame -

None 
oroperty 3 no other data available 
Adjacent 

Warehouse by the docks area None 
property 4 
Adjacent 

Warehouse near the docks area None 
orooertv 5 
Administration 2 story 

Steel framing - clay brick walls Architectural 
Building administration 
Administration 

I story warehouse Steel framing - clay brick walls Architectural 
Building 
Bead Recovery 2 story building - steel framing - metal and transite 

None 
Building siding. 

Boiler Room 
Steel framing, non load bearing CMU walls over the N 

Architectural 
side, other walls are corrugated siding. 
2 story steel framing, lower level walls are CMU, 

Building I higher level walls are corrugated siding, this building is Architectural 
locked down and scheduled for demolition. 

Catalyst Building 
Load bearing CMU walls, open web steel joists with 

Architectural 
corrugated roof deck 

Chips Polymerization 
Industrial type heavy steel framing with steel and 

Architectural 
transite siding 

Chips 
Pelletizing Area Industrial type heavy steel framing with steel and 

Architectural 
1st Fl transite siding 

Chips 
Pelletizing area Industrial type heavy steel framing with steel and 

Architectural 
2nd Fl transite siding 

Contractor's 
Semitrailer between Bldg 8 and Administration Bldg None 

trailer 1 
Diesel / Diesel 

Small steel siding sheds None 
Oil Buildings 
East Fire Pump 

Wooden frame with corrugated siding cladding. None 
Building 

East Guardhouse Pac-Van modular cube None 

Electrical 
Corrugated steel shack perched atop a platform. None 

Building 

3 
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Building Section Description 
Available 

Plans 
7 story moment and braced steel framing, CMU walls 

EPS - Building 4 Main building only at lower level, transite and corrigated steel deck 
Architectural 

all the rest. Intermediate floors: steel framing with 
concrete/ steel deck. 
7 story moment and braced steel fram ing, CMU walls 

EPS - Building 4 
Reactor Control only at lower level, transite and corrigated steel deck 

Architectural 
Room all the rest. Intermediate floors: steel framing with 

concrete/ steel deck. 
7 story moment and braced steel framing, CMU walls 

EPS - Building 4 
Motor Control only at lower level, transite and corrigated steel deck 

Architectural 
Room all the rest. Intermediate floors: steel framing with 

concrete / steel deck. 

EPS Warehouse Packout High Bay 
One story steel framing with metal siding warehouse 

Architectural 
with a high tower. 

EPS Warehouse Main Ware-house 
One story steel framing with metal siding warehouse 

Architectural 
with a high tower. 

Flare Building Steel framing with mixed transite and CMU walls Architectural 

Locker Room 2 story steel framing building with corrugated metal 
None Building siding and roof deck 

Maintenance 2 story section 
Steel framing building, corrugated metal siding walls. Architectural Building (N) 

Maintenance 
I story section Steel framing building, corrugated metal s iding walls. Architectural Building 

Maintenance Contrac-tors 
Steel framing building, corrugated metal siding walls. Architectural Building Break-room 

Packout Storage Heavy steel framing with mix oftransite and CMU 
Architectural Building walls. 

Pilot Plant 4 story Heavy all bolted steel frames - Transite wall 
Architectural 

panels - Diamond plate floors on steel floor framing. 

Poly Building 2 3 story transite panels - interior details unknown - this 
None 

building is locked down and scheduled for demolition. 

Poly Building 3 5 story transite panels - interior details unknown - this 
None 

building is locked down and scheduled for demolition. 
Propane Tank 

Small CMU enclosure Architectural Fill House 

PS Warehouse Metal framing building with metal siding Architectural 

QA Lab Building I story warehouse steel framing and siding Architectural 

Refrigeration Small metal framing with transite panel walls and roof 
None House and wooden purlins. 

South Extrusion Main body ( I st 
Multistory steel framing and steel siding warehouse Architectural Building floor) 

South Extrusion 
2nd floor Multistory steel framing and steel siding warehouse Architectural Building 

South Extrusion 
3rd floor Multistory steel framing and steel siding warehouse Architectural Building 

Storage3 Load bearing CMU walls - all wooden roof and 
None Building 8 midspan columns - Small 2'x3' windows over N side 
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Building Section Description 
Available 

Plans 

TD Lab Building High bay warehouse - load bearing CMU walls - open 
None 

web steel joists - corrugated metal deck 

Unloading Dock Load bearing brick walls, steel trusses, ridged wooden 

Building roof deck and purl ins. Small I '-6" x 2'-6" windows, None 
mostly infilled with brick. 

Warehouse 
Similar con-struc-

adjacent to TD 
tion to TD Lab 

Warehouse adjacent to TD Lab None 
Lab 
Waste Water 

Load bearing CMU - Open web steel joists roof None 
Treatment Bldg. 
Water Treatment High bay warehouse - Load bearing CMV - Open web 

Architectural Building steel joists roof 
West Fire Pump Steel framing with metal panels 

None Bldg. 

012003 SHT I 
Adjacent ?ropeny 2 

Figure l. Peru Building Locations 
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Appendix A describes the technology used in explosion strength prediction. Identifying the 
amount of congestion and confinement present in a facility is key to accurately predicting 
explosion strength since these areas promote vapor cloud agitation which, in turn, causes the 
flame acceleration that can result in damaging blast waves. Figure 2 shows an overview of the 
site with zones of congestion displayed as solid or hatched red or blue areas. As can be seen in 
the figure, most of the areas of congestion are located inside existing buildings. 

~-··' ;~~L. 

\'· ,._'-. 
• . . ' 

Safe Site ', ·' 266ft 

Figure 2. Zones of Congestion and Confinement at Peru Facility 
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Figure 3 provides a 3-D view of these zones and buildings (in brown hatch). Buildings defined 
as zones of congestion appear in sol id blue color. 

Based on discussions with the site, some buildings are tight enough that they strongly inhibit the 
ingress of outdoor gas clouds. Other buildings have large openings, particularly during the 
summer. As a screening-level generalization, "'tight" buildings are assumed to be impervious to 
external gas clouds and others are assumed to be completely open. The latter group includes the 
fo llowing buildings: 

• Barge dock building 

• TD warehouse 

• Gecet storage silo 

• Maintenance shop 

• North building 

-
- -·'~;iar;f1 

• Packout building 

• Poly building 

• South extrusion building 

• South building 

::::-:::::::::::::::::::::::::::::::::::::::::::::::::::::::: ;. 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:;• --- ::.........--.::--....:--::.::- --....:... ...:: 

Figure 3. 3-D View of Buildings and Zones of Congestion and Confinement 
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Preliminary modeling indicated that the surface onto which a spill falls can have a significant 
effect on its evaporation and dispersion, particularly in the case of styrene. The Peru site has a 
mixture of surface types, segregated as shown by the red lines in Figure 4. 

Figure 4. Spill Surface Areas 

These surfaces are used to define the rate of thermal transfer between the ground and a liquid 
pool, the pool depth in the absence of containment such as a dike, and other variables that impact 
the degree to which a material may vaporize from the surface of a pool. 
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Credible scenarios were selected and evaluated for fire, toxic and explosion potential from all 
areas of the site. Scenarios were included even if they did not have the potential to impact an 
existing building so that a site-wide composite overpressure contour can be generated. 

Most of the scenarios selected were based 011 utilizing a two-inch release size, the details of 
which were defined based upon the site walk-through and discussions with FHR personnel. The 
list of explosion scenarios included in this analysis, together with the process information 
utilized in the consequence modeling, is provided in Table 2. 

The basis of modeling 2-inch hole sizes could be considered either conservative or non­
conservative, however: 

• 2" holes are the most commonly-used, 'traditional' bases used in facility siting studies. 
On the basis of representing a "worst credible case" event, larger hole sizes are much less 
likely to occur; 

• The use of larger hole sizes would not increase the severity of most of the events modeled 
in this study, since (a) most of the events are limited by the normal production flow 
avai lable in the process, (b) depending on the direction of the release, the magnitude of 
an explosion is often limited by the limited dimensions of the zones of 
congestion/confinement encountered by the gas cloud. 

For these reasons, 2-inch hole sizes represent a traditional industry "standard" for facility siting 
studies, and have been adopted by FHR for this purpose. 

It should be noted that each of the scenarios modeled in this study has multiple layers of 
protective measures in place to prevent it from happening, such as rigorous design, ongoing 
inspections, building ventilation, etc. This analysis assumes that these measures have failed. 

In addition to the events modeled in this study, there is the potential for a dust explosion in the 
Packout building if dust is allowed to accumulate. This issue is being reviewed separately from 
this current study. 
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Name Description Comp. 

S-01- Spill from styrene 

Barge2Water supply barge pump S1yrene 
onto water 

Unloading styrene 
S-02-Unload 

from barge Styrene 

S-03-Storage Styrene release 
Styrene 

from storage tank 

Release from 
transfer line 

S-04-TransferPP between styrene Styrene 
Storage and pilot 
olant. 
Release from 
transfer line 

S-0S-Transfer84 between styrene Styrene 
storage and 
Building 4. 

Release of styrene 
S-06-PilotPlant within the Pilot Styrene 

Plant 

Baker Risk Project No. 0 / -02611-00 I -09 
July 2010 

Table 2. Relea!.e Case Conditions 

Temp. Prusure Limits/Comments Modeling Details (F) (osi1z) 
Assume spill directly from barge pump For 2" hole, 1he aclual 

85 35 discharge onto water. Limited by pump rate to release rate is less than the 
2300 gallons/min (17 200 lb/min) pump limit 
Spill onto ground between barge and styrene For 2" hole, the actual 

85 35 storage tank (outside walled area). Limited by release rate is less than the 
pump rate to 2300 gallons/min (17,200 lb/min) pump limit 

Max. 
Spill directly from styrene storage tank to 

85 liquid walled area. Assume that the floor of the walled 
OK 

area of the tank farm could be fully wetted with head 
styrene. 

Spill into non-walled area. Assume the rate at 
Pressure and hole size 

72 so which material could be released is limited by a 
lowered to get 80 lb/min 

maximum pump rate of 80 lb/min to the pilot 
rate. plant 

60@ Spill into non-walled area. Assume the rate at 

72 pump which material could be released is limited by a Pressure lowered to get 3750 
15 @ maximum pump rate of3750 lb/min to lb/min 

building Building 4. 

Filled second floor zones to a 
height of 4 feet of flammable 

Assumes that a ponion of the pilot plant can be 
range material. Pool 

filled to stoichiometric concentration of styrene. 
evaporation rate of - 20 

72 n/a 
Primarily 200 floor, could leak to I" also. lb/min. See discussion and 

footnote for event P-05 
regarding the impact of 
ventilation: the same 
principle is applied. 
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Name Description Comp. Temp. Pressure 
(Fl (nsle.l 

S-07-Bldg4 
Release of styrene 

Styrene 72 
nla within Building 4. 

Release from 

P-0 I -Truck/Rail 
pentane supply 

Pentane ' 82 truck/railcar onto 
eround 

Max 
P-02-Storage Pentane release 

Pentane 82 liquid from storage tank 
head 

Release from 
transfer line 

P-03-TransferPP between pentane Pentane 82 100 
storage and pilot 
olant. 
Release from 
transfer line 

P-04-TransferB4 between pentane Pentane 82 160 
storage and 
Buildin~ 4 

Release of pentane 
P-05-PilotPlant within lhe pilot Penrnne 82 n/a 

plant. 

BakerRisk Project No. 0/-026/ 1-00/-09 
J11/y 20/0 

Li rnlts/Comments Modeling Details 

Filled 6m noor zones to a 
Assumes that a portion of Building 4 can be height of 4 feet. Diked 
filled to stoichiometric concentration of styrene. evaporation rate very close 
Release on 6'h Ooor, but lots of openings to leak to vapor rate needed to 
to floors below. generate l/2LFL steady-state 

concentration. P-06 is worse. 
Assume spill directly from truck/railcar pump 
discharge onto ground outside walled area. 

Verify 1600 lb/min 
Limited by pump rate to 1600 lb/min, and a total 
inventory of 156,532 lbs per car. 
Spill directly from pentane storage tank to 

Consider for both vapor walled area. Assume that the floor of the 
dispersion and for potential 

walled area of the tank farm could be fully 
BLEVE' of tank. 

wetted with oentane. 

Spill into non-walled area. Assume the rate at Used small line size, and 
which material could be released is limited by a greatly lowered pressure. to 
maximum pump rate of 5 lb/min to pilot plant get 5 lb/min. Almost 
Reactor 4. certainly a trivial case. 

Spill into non-walled area. Assume the rate at 
which material could be released is limited by a 

Lowered pressure to get 525 

maximum pump rate of 525 lb/min. based on lb/min. 

normal transfer rate of230 lb/min. 

Assumes that a portion of the Pilot Plant can be 
Filled all zones on 3'' noor 

filled to stoichiometric concentration of pentane. 
Primarily 3'' Ooor. Also note that most of the 3'' and half of zones on 2nd 

noor is open to the 2nd floor. floor. ' 

1 
All streams referred to as "pentane" are assumed to be a mixture of 85% n-pentane and 15% isopentane. 

' BLEVE - Boiling Liquid Expanding Vapor Explosion. Would occur only if fire impinged on a tank for an extended period of time. 
1 It is expected that an interior release of pentane could only occur at the maximum fill rate of 5 lb/min. Under normal ventilation it is expected that flammable 
range concentra1ions would not develop. However, for the purposes of this analysis it is assumed that the same event that caused the release also results in loss 
of power/ventilation. At a conservative (low) natural ventilation rate of I a:ir change/hour, and perfect mixing in the room, 1he concentration in the room is 
calculated lo reach ½ LFL in about 5 minutes. At ½ LFL average concentration, it is assumed that there will be pockets of>LFL concentra1ion. 
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Name Description Comp. 
Temp. Pressure 
m (psi2) 

P-06-Bldg4 Release of pentane 
Pentane 82 n/a within Building 4. 

Release of propane 
Vapor PR-01-Hose from I" hose Propane 70 

rupture pressure 

Low pressure 
relief from pilot R-01 -
plant at set Styrene/ 124 

1 LPReliefpP-set Polystyrene (C) pressure 
conditions 

Low pressure 

R-01- relief from pilot 
Styrene/ 175 plant at peak 2 1 LPReliefPP-peak 

pressure Polystyrene (C) 

conditions 

R-02- High pressure 
145 

HPReliefPP-set relief from pilot Pentane (C) 195 
olant 

R-02-
High pressure 

185 
HPReliefpP-peak relief from pilot Pentane 

(C) 
390 

plant 

R-03- Low pressure 
Styrene/ relief from 

LP Rel ietl34dump 
Buildi11114 Polystyrene 

BakerRisk Project No.01-02611-00/-09 
July 2010 

Limits/Comments Modeling Details 

Filled 6~ noor; assumed each 
floor below had half as many 

Assumes that a ponion of Building 4 can be 
zones as the one above, 
down to 3•• floor. Maximum 

filled to stoichiometric concentration of pentane. pump rate of 525 lb/min, and 
Release on 6"' floor, but lots of openings to leak full level pool evaporation 
to floors below. rate of - 300 lb/min, exceed 

200 lb/min rate necessary to 
generate LFL concentration 
at steady-state. 

Assumes l 11hose failure case is much more 
likely than 2" hole in the tank itself Release OK 
limited to 4881 lb inventory in tank. 

Reset temperature to l 46C to 

Assume conditions used for R02 from Fauske 
match vapor fraction from 

report. Release through 2" line downward into Fauske (Huntsman) repon. 
600 lb. Inventory, release 

14.7' x 5.1' rectangular pit. 
rate of293 lb/min, assumed 
to be all styrene. 

Assume conditions used for R02 from Fauske 
Reset temperature to l 83C to 
match 21 psig vapor report. 
pressure. 

Assume conditions used for pentane ponion Treated as horizontal 
from R02 from Fauske report, limited to 50 discharge with all of release 
pounds total discharge. pointed in same direction. 

Treated as saturated liquid 
Assume conditions used for pentane ponion release at 1 &SC. T reated as 
from R02 from Fauske repon, limited to 50 horizontal discharge with all 
pounds total discharge. of release pointed in same 

direction. 

See "Special Note Regarding Scenario R-03" in Used "pumped +pipe " 
option to get desired flash 

Appendix E 
fraction. 
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Name Descriptkln Comp-

R-04- High pressure 

HPReliefB4 
relief from Pentane 
Buildin~ 4 

Low pressure 
R-05- relief from Styrene/ 

LPReliefB4top Building 4 - Polystyrene 
Protection fails 

Explosion of2 
PS pallets of benzoyl Benzoyl 

peroxide 
peroxide 

Explosion of 2 

PSB4 pallets of benzoyl Benzoyl 
peroxide inside peroxide 
Bldg. 4 

Temp. Pressure 
(F) ln.•i2) 

BakerRisk Project No. 01-0261 /-001-09 
July 20/0 

Limits/Comments Modeling Details 

Assume conditions used for pentane portion 
Release from 8" pipe at 

from Fauske report, limited to 4000 pounds total 
20.04 lb/sec. 

dischare.e. 
Assume that in this case the 
liquid portion of the release 

Similar to R-03-LPReliefB4. Assume bottom will spray out and cool. The 
valve fails to open, but vent relief (rupture disk) maximum rate of discharge 
still works properly. is at -234C, 88 Ibis styrene 

liquid+vapor. Horizontal 
discharge? 
Model 2,880 lbs of peroxide 
(wet basis) as 688 lbs TNT 
equivalent, based on 
approach below'. 
Model 2,880 lbs of peroxide 
(wet basis) as 688 lbs TNT 
equivalent, based on 
approach below'. 

4 TNT Equivalent ; (Mass peroxide (dry)) x (Energy of decomposition of peroxide)/ (Energy of detonation ofTNT) 
'TNT Equivalent ; (Mass peroxide (dry)) x (Energy of decomposition of peroxide) / (Energy of detonation ofTNT) 
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4.2 Consequence Analysis 

BakerRisk Project No. 0/-0261 /-00/-09 
July 20/0 

Some of the modeling approaches used in this analysis are described here: 

• Define Environment: Conservative weather conditions are used in this model to 
represent a calm summer night with low wind speed (wind speed 2 m/s, atmospheric 
stability F), although a more typical condition ("D5") was also modeled to ensure it was 
not worse. In addition, spill surface, evaporation, and spill containment areas are 
included in the model, where appropriate. 

• Model Release Cases: BakerRisk's SafeSite3G® computer code was used to 
model the release rates and subsequent dispersions. Process conditions were entered into 
the software. Except where prevented by the physical layout of the equipment, the 
releases were assumed to be oriented horizontally and aligned with the wind to yield the 
largest downwind plume. Vapor clouds were oriented in 16 directions to maximize 
consequences of any ensuing explosion. 

• Consequence Results: One primary consequence of interest within this study 
concerns releases of flammable material that could explode, producing blast loads with 
the potential to injure personnel and damage buildings and equipment. This study uses 
SafeSite3G® for the modeling of explosions. SafeSite3G® uses the BST methodology6

•
7

, a 
leading edge explosion model, validated and tested with large-scale vapor cloud 
explosion field tests. The software was used to determine the intersection, in three 
dimensions, between the dispersed material and the volumes of congestion. The energy 
within these areas of congestion is then used in predicting the pressure and impulse from 
a VCE. Appendix A describes more information regarding vapor explosion prediction 
methodology. 

• In the unlikely event that a release of flammable material occurs and subsequently 
explodes, this study evaluates blast loads on buildings themselves. Pressure plots are 
generated to provide the reader with a visual indication of the magnitude of energy 
resulting from each scenario. Building types are entered in the program, based on 
documentation supplied by Client and physical inspection of the buildings. By 
combining blast overpressure and impulse with the building construction type, BDLs and 
occupant vulnerabilities are calculated. 

• Effects of flammable gas releases on building occupants are based on the 
concentration of gases predicted to occur at the building. Results are reported in terms of 
concentration categories(> UFL, > LFL, or > ½ LFL for each building, if applicable) or, 
in the case of a BLEVE, in terms of thermal radiation levels. Toxic impacts are assessed 
in terms of classic end point thresholds (ERPG and IDLH concentrations). Results are 
reported in terms of the most severe end point predicted to occur at each building. 

6 Baker, Q. A., M.J. Tang, E. A. Scheier and G. J. Silva, "Vapor Cloud Explosion Analysis," 28th Annual Loss 
Prevention Symposium, July 19, 1994. 
7 Baker, Q. A., C. M. Doolittle, G. A. Fitzgerald and M. J. Tang, "Recent Developments in the Baker-Strehlow VCE 
Analysis Methodology," 31st Loss Prevention Symposium, March 9- 13, 1997. 
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5.0 RESULTS 

5.1 Dispersion Results 

This section summarizes dispersion results obtained from the model. Figure 5 and Figure 6 show 
a sample cloud side view and overhead view for the downwind distance to ½ LFL, LFL, and 
UFL for release case P-04/F2. Dispersions for all the cases and meteorological conditions are 
available from BakerRisk, and accounted for in subsequent blast calculations and plots, but are 
not specifically reported in this document. 

Plume Side View (FractionLFL, LFL, UFL) for Pentanes 
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Figure 5: Sample Side View of Vapor Cloud, 
Scenario P-04 at F2 Conditions 
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Figure 6: Overhead View of Vapor Cloud for Example, Scenario P-04 at F2 Conditions 

SafeSite3a® plots, such as Figure 6, use the following legend: 

Building 

3D flame expansion with low obstacle density 

3D flame expansion with medium obstacle density 

3D flame expansion with high obstacle density 

2D, or 2.5D flame expansion 

Jn addition to tabulating dispersion results and showing s ide view or plan views of such releases, 
it is also possible to show 3D views of releases (see Figure 7). As discussed above, while every 
release case included in this study can be viewed in many ways, only one sample 3D view is 
shown. Note that if the release had blown into other areas of congestion and confinement, the 
blast loads experienced would be different. 

16 



FHRPRU001709

FHRPeru 
Facility Siting Study, Final Report (Rev I) 

Vapor Cloud in 
Translucent Color 

Wire Frame 
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Figure 7: Sample 3D View of the Vapor Cloud, Scenario P-04 at F2 Conditions 

The distances to the flammable limits are shown in Table 3: 
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Table 3. Distances to Flammable Limits 

Scenario 
Distan(!e to Concentration (feet) 

Weather 
UFL LFL ½LFL 

S-01 -Barge2 Water 250 315 380 F2 
S-02-Unload 180 240 360 F2 
S-03-Storage 160 270 380 F2 
S-04-TransferPP 50 80 120 F2 
S-05-TransferB4 360 520 650 F2 
S-06-PilotPlant - - - -

S-07-Bldg4 - - - -
P-01-Truck/Rail 100 280 4 10 F2 
P-02-Storage 80 250 420 F2 
P-03-TransferPP 6 17 28 F2 
P-04-TransferB4 75 195 290 F2 
P-05-PilotPlant - - - -
P-06-Bldg4 - - - -
PR-01-Hose 20 100 220 F2 
R-01-LPRelierPP-set 3 140 180 D5 
R-01-LPRelierPP-peak 2 8 120 D5 
R-02-HPReliefl>P-set 10 70 125 F2 
R-02-HPRelierPP-peak 15 85 150 F2 
R-03-LPReliefB4dump 50 110 160 F2 
R-04-HPReliefB4 20 95 155 F2 
R-05-LPReliefB4top 40 150 720 F2 

Note that the pentane releases appear to have smaller effect areas than the comparable styrene 
releases. This is attributed to the fact that the release rate from the pentane events is much more 
severely limited by the capacity of the upstream pump. It is assumed that an exposed individual 
could be exposed to a fatal dose of thermal radiation within the LFL distance. LFL distances are 
also used to determine the portion of the gas cloud that can contribute to an explosion event, 
discussed in the next section. 

5.2 Explosion Consequences 

BakerRisk used its facility assessment code8 SafeSite3G® to predict blast loads and evaluate 
building damage from explosions. SafeSite3a ® employs a release and dispersion model 
integrated with the most current blast load model for evaluating vapor cloud explosions. 

8 SafeSite40®, Baker Engineering & Risk Consultants, 2009. 
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The "TNT" Equivalence" method was used to evaluate peroxide explosion, since this is more 
representative of the 'point source' location of discrete peroxide inventories. Building damage 
prediction models based on field tests and accident inventigation data are also incorporated in the 
SafeSite3a® software to allow automatic building damage predictions for a given blast load. 

The external releases were assessed with SafeS ite3G ® by first calculating the flammable mass in a 
vapor cloud through dispersion modeling, and then predicting blast loads using the Baker­
Strehlow-Tang methodology. 9• 

10
• 

11 The flame speed of the predicted vapor cloud explosions 
were based, in part, on the degree of equipment congestion and confinement in the areas near the 
scenarios. A more detailed explanation of explosion consequence modeling is provided in 
Appendix A. 

A composite overpressure contour for the site is provided in Figure 8, and a composite impulse 
contour in Figure 9. Individual overpressure and impulse plots for the most significant 
individual scenarios are provided in Appendix C. A review of these plots demonstrates that the 
controlling explosion incidents are different for each part of the site. However the contours 
overlap, and so elimination of one scenario does not necessarily mean that the remaining hazards 
are insignificant. 

The overpressure contours are free-field overpressures due to confinement and congestion, and 
the potential for reflected blast waves of the actual overpressure on a given surface of a building 
can be as much as twice the free-field overpressures depicted in the contour maps shown in these 
figures. It should be noted that the contours shown on the maps depict discrete values of 
constant overpressures, and that the overpressures continuously increase, from each lower 
overpressure contour to the next higher contour. 

It can be seen that the peroxide storage house explosion dominates much of the overpressure 
profile. Jt is noted that it is unlikely that all the peroxide would explode at the same time; this is 
a function of the spacing of individual peroxide pallets, the reason the peroxide dried out, and 
other factors. The effect that the amount of peroxide in an explosion has on the results was 
tested, and is reported in the next section. 

9 Baker, Q. A., Tang, M. J., Scheier, E. A., and Silva, G. J. , "Vapor Cloud Explosion Analysis," 28th Annual AIChE 
Loss Prevention Symposium, Atlanta, GA., April 19, 1994 
IO Baker, Q.A.; Doolittle, C.; Fitzgerald, G.A.; Tang, M.J., "Recent Developments in the Baker-Strehlow VCE 
Analysis Methodology", 31st Annual Loss Prevention Symposium, American Institute of Chemical Engineers 
(AIChE), March 1997. 
11 Tang, M.J.; Baker, Q.A., "A New Set of Blast Curves from Vapor Cloud Explosions", 33rd Annual Loss 
Prevention Symposium, American Institute of Chemical Engineers (AIChE), March 1999. 
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Information on the applied blast load history (blast overpressure together with the duration of 
exposure) and structural design was used to determine the building damage level (BDL) for each 
building listed in Table I. A definition of the bui lding damage levels is provided in Table 4 . 
The BDL for each building was predicted based on empirical relationships between the blast 
loads and observed building and component damage levels developed by BakerRisk for a wide 
range of common industrial building types. The damage prediction method is based on observed 
blast damage to overall buildings and building components during industrial explosion accident 
investigations and blast testing on structural components, where both applied blast loads and 
resulting blast damage are known. 

Table 5 provides the predicted building damage level for each bui ld ing predicted to experience a 
BDL level exceeding 2a. BDL of 2a is generally considered the cutoff damage level of interest 
since the occupant vulnerabilities (to life-threatening injuries) are less than one in I 0,000 for a 
BDL of 2a, but greater than one in I 00 for BDL 26. Thus, a BDL of 2a is generally considered 
acceptable, but a 26 or greater BDL is usually considered for mitigation for occupied buildings. 

Table 4. Definitions of Building Damage Levels 

Building Damage Level Summary or Potential Damage 

Primary and secondary structural members will fail 
BDL 4 - Building Collapse or sustain major damage resulting in building 

collapse 

Walls facing the blast will fail while other walls have 

BDL 3 - Major Building Damage 
compromised structural integrity. This may cause 
eventual collapse of the building. Repair of this 
building is not practical 

There is widespread building damage. Walls facing 
BDL 2b (aka 2.5) - Heavy Building the blast will sustain major damage while other walls 
Damage and the roof sustain moderate damage. Building 

repair may not be practical in some cases. 

There is localized building damage. Walls facing the 

BDL 2a (aka 2) -Moderate Building 
blast will sustain moderate damage while other walls 
and the roof sustain minor to moderate damage. The 

Damage 
building can be repaired and reused. Window 
breakage and fallen overhead items are hazards. 

Walls may or may not sustain the onset of visible 

BDL I - Minor Building Damage damage. Repairs are necessary for cosmetic reasons 
only . 

22 



FHRPRU001715

FHRPeru 
Facility Siting Study, Final Report (Rev I) 

BakerRisk Project No. 0/-0261 J-001-09 
July 2010 

Table 5. Maximum Building Damage Levels and Sources, for Buildings with Predicted 
Building Damage Level (BDL) Greater than 2a 

Building Section MaxBDL 
Scenarios Impacting 

Building 
Administration Building I story warehouse 3 P-06 
Bead Recovery Building 4 P-06 
Boiler Room 2b P-06 
Building l 2b P-06 
Catalyst Building 4 PS 
Chips Polymerization 2b P-06 
Chips Pelletizing Area 1st Fl 2b P-06 
Chips Pelletizing area 2nd Fl 2b P-06 
Contractor's trailer I 2b P-06 
Diesel / Diesel Oil Buildings 4 P-06 
East Guardhouse 2b PS 
EPS - Building 4 Main building 4 P-06, S-07 
EPS - Building 4 Reactor Control Room 4 P-06,S-07, PSB4 
EPS - Building 4 Motor Control Room 4 P-06,S-07, PSB4 
Flare Building 3 P-06,PSB4 
Locker Room Building 2b P-06 
Maintenance Building 2 story section (N) 3 P-06 
Maintenance Building I story section 2b P-04, P-06 

Maintenance Building 
Contractor's 

3 P-06 
Break Room 

Pilot Plant 4 P-05 
Poly Building 2 3 P-05 
Poly Building 3 2b S-03, P-05, P-06 
Propane Tank Fill House 3 S-03,P-05,P-06 
Refrigeration House 2b P-05 
Storage3 Building 8 3 P-06 
TD Lab Building 4 S-03, P-05 
Warehouse adjacent to TD Similar construction to 

4 P-05, S-03, PR-0 I , P-04 
Lab TD Lab 
Waste Water Treatment Bldg 4 P-05 
Water Treatment Building 3 S-03,P-05,P-06 

Appendix D shows the controlling blast loads on each side of each building with a Building 
Damage Level of 2.5 (2b) or greater. This information is of great benefit to the structural 
engineer in determining the feasibility and cost of implementing structural upgrades. 
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A BLEVE event was considered credible for the pentane storage bullets. For this assessment, 
the radiation distance due to a fireball resulting from the failure of a completely-full pentane 
bullet was modeled. 

Figure IO shows the thermal radiation that would result from this event. 

t-ml RaditltiQn 
W}sq m 
■ 37500 
■ 12500 

Figure 10. Thermal Radiation Resulting From BLEVE of Pentane Bullet 

The impact of these levels of thermal radiation on outdoor people and equipment are described in 
several sources including the UKAEA (Figure 11) and World Bank (Table 6) on the following 
page. However, it is expected that building occupants would not be harmed for two reasons: 

I. A BLEVE takes many minutes to develop, and people forewarned of the BLEVE 

possibility would be instructed to evacuate the area first; 
2. lfthe BLEVE did occur, any people remaining inside a building would be sheltered from 

its thermal radiation. lf a bui lding caught fire, the occupants should be able to evacuate 

safely since the BLEVE fireball would be present for only a few seconds. 
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Figure 11. Time to Levels of Discomfort and Injury Due to Heat Radiation 12 

Table 6. Effects of Thermal Radiation on Equipment13 

Radiation intensity 
(kW/m2) Observed effect 

37.5 Sufficient to cause damage to process equipment 

25 Minimum energy required to ignite wood at indefinitely long exposures 
( non piloted) 

12.5 Minimum energy required for piloted ignition of wood, melting ofplasric 
rubing 

9.5 Pain threshold reached after 8 sec; second degree burns afi:er 20 sec 

4 Sufficient to cause pain ro personnel if unable to reach cover within 20 s. 
however blistering of the skin (second degree burns) is likely; 0% lethality 

1.6 Will cause no discomfort for long exposure 

12 Hymes, L., "The physiological and pathological effects of thermal radiation," UKAEA SRD R275, 1983. 
13 World Bank Technical Paper No.55 ( 1985). Techniques for Industrial Hazards - A Manual 
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Some of the styrene events modeled do not develop significant flammable vapor clouds, and are 
excluded from further discussion for fire and explosion effects. However, styrene can have toxic 
and nuisance impact to people, and so these potential impacts are discussed next. 

5.5 .1 Human Health Outcomes 

Following are some reported acute toxicity measures for styrene: 

Table 7. Styrene Toxicity Measures 

Measure Value Definition 

Immediately 
N IOSH recommended exposure limit to ensure that a worker can 

Dangerous to Life 
2980 mg/m3 escape from an exposure condition that is likely to cause death or 

or Health (IDLH) 
(700 ppm) immediate or delayed permanent adverse health effects or prevent 

escape from the environment. 

The maximum airborne concentration below which it is believed 
ERPG-3 1000 ppm that nearly all individuals could be exposed for up to I hour 

without experiencing or developing life-threatening health effects. 

The airborne concentration ( expressed as ppm or mg/mj) of a 

AEGL-3 
1900 ppm (10 substance above which it is predicted that the general population, 
min, 30 min) including susceptible individuals, could experience life-threatening 

health effects or death. 

Toxic fatality vulnerabi lity probabilities are usually quantified using a "probit" equation that 
relates the probability of fatality to the exposure dosage (duration/ concentration combination). 
A human fatality probit equation for styrene is not available, presumably because styrene is less 
toxic than many chemicals, and is also less volatile and so provides more opportunities for 
escape. Note that for most toxic chemicals, 1t takes several times the IDLH concentration to 
reach the threshold of fatality impacts for healthy individuals. 

An example dispersion is provided in Figure 12, which reports distances to ERPG-3. 
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Figure 12: Styrene Concentration Plumes, Scenario R-01 
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Table 8 provides distances to ERPG-3 levels as input to determine whether buildings can be 
considered as shelters-in-place. The distances are also presented graphically in Figure 13. 

Table 8. Distances to ERPG-3 Styrene Concentrations 

Distance Time To 

Source Name 
Weather To Reach 

Name ERPG-3 ERPG-3 
(ft) (s) 

R-01-LPReliefPP-peak F2 264 110 

R-01-LPReliefPP-peak D5 319 21 

R-01 -LPReliet'PP-set F2 11 4 20 

R-01-LPReliefPP-set D5 227 0 

R-03-Styrene at 205F-typ dump case D5 108 4 

R-03-Stvrene at 205F-typ dump case F2 230 53 

R-05-LPReliefB4top D5 500 0 

R-05-LPReliefB4top F2 857 47 

S-0 I- Barge2Water D5 311 2 

S-01- Barge2 Water F2 449 9 

S-02-Unload D5 354 10 

S-02-Unload F2 476 94 

S-02-Unload I D5 331 9 
S-02-Unload I F2 458 96 

S-03-Storage D5 286 0 

S-03-Storage F2 508 0 
S-04-TransferPP I D5 86 0 

S-04-TransferPP 1 F2 143 34 

S-05-Transfer84 1 F2 815 150 

S-05-TransferB4 1 D5 604 18 
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Figure 13. ERPG-3 Contours for Peru Site 
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Given proper warning, it is expected that all site personnel would be able to simply evacuate the 
site without significant impacts for these events:. 

5.5.2 Odor Thresholds 

Styrene is reported to have an extremely low odor threshold of 0.32 ppm. 14 This means that its 
nuisance potential can extend well beyond its flammable hazard or tox ic health hazard range. As 
an example, consider Scenario S-0 I , a spill from a barge onto water. This event does not pose 
any explosion hazard because the styrene does not d isperse above the water level in flammable 
concentrations. For s imilar reasons it also does not pose a human health risk. However, it is still 
capable of being detected by smell several miles away, as shown in Figure 14 below. 
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Figure 14: Styrene Odor-Toxic Concentration Contours 

14 J.E. Amoore and E. Hautala, "Odor as an aid to chemical safety: Odor thresholds compared with thresho ld limit 
values and volatilities of 214 industrial chemicals in air and water dilution," Journal of Applied Toxicology, 
3(6):272-290, 1983. 
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One goal of this project was to address related action items from the most recent Process Hazards 
Analyses. The action items, and how this report addresses them, are listed below. 

1. Lynx Action Item "2008 PHA Revalidation - Building 4 #107867"- Consider modeling 
intentional dump and uncontrolled dump of reactor contents to concrete containment pit with 

PHAST (Process Hazard Analysis Safety Tool) software [or equivalent] to determine if 
additional safeguards are required. 

Action Plan: Complete Fauske/BakerRisk Modeling evaluations. 

Siting Project Response - The effects of an intentional dump from a Building 4 reactor 
(that is, where the batch has gone off-spec and the batch is dumped according to the 
prescribed protocols) is described as a standard case (Scenario R-03) in this report, with 
consideration of the reaction kinetics that would take place in the reactor and in the pit 
during such an event. 

The latest thinking.from the site is that the odds of an uncontrolled reaction/dump should be 
very small since there is the SIS that trips just a.few degrees higher than the controlled dump 
temperature. Regardless of the likelihood, the effects of an uncontrolled dump have been 
analyzed with respect to a scenario in which mixing is lost and a batch is dumped styrene­
.first into the pit. For a range of temperatures, the dispersion.from the pit (based on 
evaporation only) has been calculated to the flammable limits (Appendix B). 

The software used.for this modeling and the modeling below is Baker Risk's SafeSite3c®, 
which uses the same fundamental principles as P HAST and whose key developer was 
also a developer of the P HAST software. 

2. Lynx Action Item "2008 PHA Revalidation - Building 4 #107875" - Consider modeling 
uncontrolled dump of reaction contents through rupture disk on top of reactor during pentane 
addition and/or cure with PHAST (Process Hazard Analysis Safety Tool) software[or 
equivalent] to determine if additional safeguards are required. 

Action Plan: Complete Fauske/BakerRisk Modeling evaluations. 

Siting Project Response - The effects of a high pressure pentane vapor relief from a Building 
4 reactor have been modeled in both the Fauske report and in this current report. In the 
current study, the event (Scenario R-04) results are integrated into the study as a whole and 
not called out separately since they result in less severe outcomes than some others. 

31 



FHRPRU001724

FHR Peru 
Facility Siting Study, Final Report (Rev I) 

BakerRisk Project No. 0l-026/ J-001-09 
July 2010 

3. Lynx Action Item "2008 PHA Revalidation - TD[Pilot Plant] #107899" - Consider modeling 
vapor cloud dispersion calculations from the reactor high pressure relief line. Contingent on 
results of BakerRisk/Fauske modeling. 

Siting Project Response - The effects of a high pressure pentane vapor relief from a pilot 
plant reactor have been modeled in both the Fauske report and in this current report, with 
the current report considering both peak pressure and set pressure discharges. In the 
current study, the event (Scenario R-02setlpeak) results are integrated into the study 
as a whole and not called out separately since they result in less severe outcomes than 
some others. 

4. Lynx Action Item "2008 PHA Revalidation - TD[Pilot Plant] #107903". Consider modeling 
of dropping reactor contents to pit using PHAST (Process Hazard Analysis Safety Tool) 
software[or equivalent]. Procure PHAST software/run evaluation/generate findings and 
action items. 

Siting Project Response - The effects of dumping a pilot plant reactor to the pilot plant pit 
were modeled in scenarios R-01-LPReliefPP-set & R-01-LPReliefPP-peak. Note that it is 
current practice to allow a runaway reaction to run to completion in situ in the reactor. 
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The following are suggestions as to potential means of minimizing hazards at the site. But it 
should be remembered that the risks of these hazards may already be at tolerably low levels, 
given the safeguards that are already in place at the site. The ideas below are mainly "technical" 
in nature, and it is quite possible that other "non-technical" measures (e.g. procedural changes, 
increased inspections, inventory management) would be more cost-effective in achieving risk 
reductions. The following items are only offered for FHR's consideration, and there is no 
implied requirement to institute any of these measures. 

7.2 Vapor Cloud Explosion Mitigation 

The necessity of taking risk mitigation measures depends largely on the site's confidence in its 
release prevention programs. Blast mitigation in production facilities such as Peru typically 
considers the following with respect to minimizing the likelihood or strength of an explosion: 

• having good general release prevention/PSM programs, 
• having good controls on reactors prone to runaway conditions 
• having sufficient venti lation in vulnerable buildings 
• removing out-of-service equipment and buildings 

Regarding the last bullet item, the removal of the unused Poly 2 and Poly 3 buildings would 
undoubtedly be a benefit in reducing confinement/blast wave reflection in that area. However, 
the level of resolution of the model used in this study was insufficient to quantify the degree of 
benefit that would result; a more sophisticated model can be employed to determine this, 
if necessary. 

With regard to minimizing the impact if an explosion does occur, facilities typically consider: 

• relocating people to less vulnerable locations where practical 
• upgrading occupied buildings to resist the postulated blast loads. 

This subject is discussed further in Sections 7.3 and 7.4. 
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A brief review of the structural types used in the plant shows that none of the buildings have 
been specifically designed for blast events. In some cases, the buildings are predicted to have a 
BDL of 4, which implies that complete collapse under the evaluated scenarios is quite possible. 
Additionally, a number of adjacent buildings located outside the plant limits were surveyed and 
the predicted structural impact of the postulated blast events was included in this report. This 
information is provided for plant management information only. 

Based upon the current analysis, the following structural mitigation options should be given 
consideration by site management. Note that implementing these measures is not a 
requirement of any regulation or standard. It is expected that in the vast majority of cases 
no change will be needed because either: (a) the building is not regularly unoccupied, 
and/or (b) the hazard to the building can be addressed more effectively by means other 
than structural mitigation. 
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I. Use of composite contours provided in Figure 8 should be done with care, as these are 
free-field contours and the potential blast load on any structural surface can be more than 
twice the value, due to reflected waves and factors based upon equipment and building 
configurations. 

2. Given the predicted structural behavior of typical trailer structures, it is recommended 
that all temporary trailers are located outside the 0.6 psi overpressure contour (red line in 
the contour map). 

3. Consider reducing the occupant vulnerability of the buildings predicted to have a BDL of 
2.5 or higher with one of the following methods: 

• Depopulate the building. 

• Replace building with a building designed for the worst-case postulated loads. 

• Structurally strengthen the existing structure to resist worst-case postulated loads. 

4. Multiple buildings on-site contain windows and/or doors that pose a hazard to interior 
occupants; options presented in this report should be reviewed for methods to mitigate 
this hazard. 

7.4 Building Upgrade Options for Explosion Hazard Mitigation 

The structural upgrade information presented in the following section is preliminary and not 
intended to be used for construction drawings. A detailed blast design must be performed prior 
to any construction of blast upgrades to the building. The provided conceptual upgrades are 
provided for planning purposes only. These options assume the buildings need to be upgraded; 
however, a risk analysis may demonstrate that even buildings predicted to fail could remain as is, 
providing their overall risk is low enough due to low probability events and low occupancy. 

The blast load history used in the analysis of the existing structures and the design of the 
conceptual upgrades is assumed to have the shape shown in Figure 15, where it immediately 
rises to the peak pressure and then decays linearly to atmospheric pressure over the duration 
time, td. The area under the pressure vs. time graph of the blast load is the blast load impulse (i), 
as shown in Figure 15. 

Pmax 

£ .. .. 
= "' "' .. .. 

Q. 
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0 
Time 

Figure 15. Assumed Shape for Blast Load in Blast Analysis 
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This building consists of two additions, an o lder wooden frame and a newer steel frame. The 
timber columns show moisture damage over the lower level which reduced their capacity. The 
exterior walls are of load-bearing brick construction. The highest predicted loads reach 4.58 psi 
over the south face. Mitigation options should include transverse wood and metal frame 
strengthening by means of steel sleeves and plates, wall reinforcement consisting of FRP liners 
over the inside faces or steel tubes attached to the outside faces, roof upgrade by means of added 
intermediate purlins and / or trusses, replacement of essential exterior access doors with blast 
resistant doors, protection of windows with safety fi lm or plastic catch sheets, and blockout of 
nonessential windows and doors, particularly over the south side of the building. 

7.4.2 Bead Recovery Building 

This is a small building subject to extremely high loads (up to 15.66 psi over the East face). For 
this level of blast loads, the most cost effective option is to relocate personnel to other buildings 
or replace this building with a blast resistant module. 

7.4.3 Boiler Room / Building I 

The Boiler Room is a single story steel framing building with concrete masonry exterior walls. 
The worst-case scenario load is 3.12 psi over the east face. For this moderate load level, the 
typical upgrade consists of reinforcing the exterior walls with steel tubes, and upgrade of doors 
and windows as needed. The adjacent two-story Building I is scheduled to be demolished and 
therefore we assume no upgrade of that building shall be necessary. The Poly-Foreman Office is 
a small modular building located south of the Boiler Room. For this type of construction and 
predicted load ( on the order of 2 psi) it would be cost-effective to relocate the occupants to 
another building or replace this building with a blast resistant module. 

7.4.4 Catalyst Building 

This is a load bearing CMU walls structure with open web steel joists and corrugated metal roof 
deck. Some of the postulated blast scenarios are internal to this building. While SafeSite3G® is 
not intended to accurately model the internal wall and roof pressures due to such scenarios, the 
order of magnitude (in excess of 100 psi) indicates that the existing building cannot be 
effectively upgraded as an occupied building, but a heavy reinforced concrete cell could be built 
inside the existing enclosure to contain the potential blast sources and minimize the impact upon 
other buildings. 
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This construction is part of the EPS Warehouse, with heavy steel framing and a combination of 
metal siding and CMU exterior walls. The predicted loads reach up to 2.59 psi over the west 
side. Despite the heavy loads, due to the strong framing and its low height-to-width ratio, this 
building can be upgraded by strengthening the most heavily loaded walls with FRP liners or 
additional steel girts and purlins (depending on the type of construction) over the interior, adding 
steel tubes to the exterior side of walls subject to moderate loads, adding roof purlins and 
members as needed and reinforce the framing connections and bracing if necessary. 

7.4.6 Diesel Oil Buildings 

These small constructions are subject to loads up to I 0.35 psi and there is no cost-effective 
upgrade solution this type of construction for this level of loading. If this building was 
considered "occupied", options to address this issue would include relocating personnel or 
consolidate this and the nearby Bead Recovery Building into a single blast resistant module. 

7.4.7 East Guardhouse 

This small modular building is subject to loads up to 3.04 psi and there is no cost-effective 
upgrade solution to upgrade this type of construction for this level of loading. Assuming a 
security booth is needed at that location and cannot be moved elsewhere, replacing the existing 
booth with a blast resistant construction fitted with heavy security windows is an option. 

7.4.8 EPS - Building 4 

This is a multistory building of steel framing and exterior CMU wall construction. Some of the 
postulated scenarios are internal to this building. While SafeSite3a® is not intended to provide an 
accurate estimation of internal wall and roof pressures from internal blasts, the order of 
magnitude of the worst-case scenario pressures (exceeding 50 psi) indicate that the most cost 
effective solution is to contain the potential blast sources inside heavy reinforced concrete cells. 
These cells need to be modeled with specific internal pressure design tools. 

Under the existing condition, the modular Reactor and Motor Control Rooms located on the 
upper floors of Building 4 are predicted to collapse. Similar to what was described for the main 
building envelope, the suggested retrofit involves enclosing the potential blast sources in a heavy 
concrete cell. 

7.4.9 Flare Building 

With a highest load of 8.12 psi, no cost effective upgrade can be perfonned. Personnel 
relocation is suggested; or if possible, consolidate with new construction for the nearby Bead 
Recovery and Diesel Oil buildings. 
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This is a steel framing construction cladded in corrugated metal. A load of 5.44 psi over the east 
face is the worst-case scenario. This type of building can be effectively upgraded by means of 
additional girts, purlins and connections over the walls and roof, and blocking out or protecting 
the windows. 

7.4.11 Maintenance Building 

This building consists of a one story warehouse of heavy steel framing with corrugated metal 
siding, an added second story over the east side, and an add-on Contractors Breakroom of lighter 
construction on the south face. The highest predicted load is 5.99 psi over the east side. This 
building can be upgraded in a cost effective manner, similar to what was suggested for the 
Locker Room (see §7.6.10). The Contractor's Breakroom should be relocated, if feasible and the 
add-on portion of the Maintenance Building should be abandoned. 

7.4.12 Pilot Plant 

This multistory building consists of heavy bolted steel frames with transite wall panels and steel 
grating intermediate floors. The highest load is 19.26 psi, applied on the south side. To 
effectively upgrade this building, all transite pane ling should be removed and replaced with steel 
cladding. In the process, once the wall and roof framing is exposed, additional steel purl ins and 
girts should be installed. Given the height of the building and the predicted loads, additional 
lateral bracing may be required, which can be installed when the existing skin is removed. 

7.4.13 Poly Buildings 2 and 3 

It is our understanding that these two buildings shall be demolished, and therefore no upgrades 
are recommended. 

7.4.14 Refrigeration House 

The highest predicted load is 1.95 psi over the North face. This wood-framed building with 
transite wall panels should be vacated or replaced with a blast resistant module. 

7.4.1 5 Storage 3 Building 8 

This is a wood-roof-and-columns construction, with load bearing clay brick walls. For the worst­
case scenario loads of 2.37 psi over the east face, upgrades may not be cost effective. We 
recommend relocating the building occupants. 
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These high bay load bearing CMU buildings, fitted with open web steel joist roofs, are subject to 
loads of up to 9.54 psi over their east faces. These are heavy loads which would require 
extensive wall reinforcement, either applying FRP liners over the inside or steel tubes over the 
outside. Lateral framing will need to be assessed and may require additional steel bracing. Roof 
trusses and purl ins may require to be upgraded with additional members or local reinforcements. 

7.4.17 Water Treatment Building 

This building shares the same construction type as the TD Lab and is subject to similar forces. 
Therefore, the upgrade approach should be similar to what was outlined in §7.6.16. 

7.5 Windows and Doors 

In addition to the hazards from structural components, non-structural components such as 
windows and doors pose further hazards to building occupants in an explosion event. 

7.5.1 Windows 

Windows will break as a function of the surface blast pressure, and glass fragments wi ll be 
thrown into the interior of the building as function of the applied impulse. Windows predicted to 
fai I with high velocity fragments and a launch distance of greater than IO ft should be considered 
for upgrades. Multiple buildings in this plant have one or more windows that meet or exceed the 
minimal upgrade criteria: 

In general, upgrade options for glass-debris mitigation include the following: 

• Removal of windows that are not needed, block in openings. 
• Install window film on the interior face of the glazing and anchor to the window frame 

• Install daylight film on the interior face of the glazing with the addition of a catcher bar 
• Install a translucent or transparent plastic sheet inside the window, designed to catch 

glass shards in the event of a blast. 

Note that strengthening of the window glazing system may require strengthening of the existing 
window frame and window frame connections into the building structure. 
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7.5.2 Doors 

Exterior doors can cause vulnerability issues for building occupants in two ways. First, the doors 
can be blown free from their supports into the building as debris hazards. Second, the doors can 
become lodged in the doorframes and become inoperable after an explosion event. Multiple 
buildings in this plant contain one or more doors that respond in the above mentioned manner to 
the postulated loads. 

Upgrade options for doors include: 

• Removal of doors that are not needed, block in opening 

• Replacing an existing door with a blast resistant door and door frame 
• Install cable catch system to prevent door from being thrown into building interior 

• Upgrade existing doors structurally, as shown in Figure 16 

• Weld stiffeners to the outside face to increase moment capacity 

• Weld bar stock to frame to increase the door leaf/door frame bearing area 
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Figure 16. Strengthening of Standard Hollow Metal Door 

Structural strengthening of the door system or replacement of the door system with a blast 
resistant door will require a substantial strengthening of the connections to the building walls. 
Information on blast door vendors and sample specifications are available from BakerRisk 
upon request. 
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Peroxide hazards dominated the explosion profi le of much of the s ite. Originally, the peroxides 
were modeled on the basis of the entire inventory of benzoyl peroxide exploding in a single 
event, which was ultimately determined as probably greatly overstating the hazard. However, 
what the analysis does indicate is the importance of the following: 

• Minimizing the amount of peroxide that is located in a single "space" and therefore 

subject to the same "environment" that could cause it to be exposed to fire, dry out, or 

otherwise induce decomposition. These measures include minimizing inventory, and 
separating pallets as much as possible. 

• Controlling the peroxide environment, so that is always kept cool, packaging integrity is 
maintained, and it is not exposed to likely fire sources. 

7.7 Fire Hazard Mitigation 

Fire hazards to building occupants are typically managed through the fo llowing means: 

• having good general release prevention/PSM programs, 
• having sufficient ventilation in vulnerable buildings to prevent accumulation of 

flammable gases or dusts 
• access to fire response personnel, equipment and firewater supplies 
• providing building occupants with warning that a fire is in progress, and with a means of 

egress from the building that faces away from potential fires 

It is assumed that if these measures are in place, bui lding occupants will not be seriously injured 
due to fires that occur in the process areas. 

7.8 Toxic Hazard Mitigation 

Toxic releases have the potential to cause concentrations at occupied buildings that are greater 
than IDLH for many minutes. This includes s ignificant periods after the outside concentration 
has fallen to zero. 

Buildings offer a large measure of protection if windows and external ventilation systems are 
closed promptly upon release. However, just as a building delays the ingress of toxic gases, it 
also delays the purging of gases once the hazard has passed. Therefore it is important to know 
both when an exposure has started and when it has ended. In a "worst-case scenario," an 
initiating explosion could compromise the integrity of a building, leaving it more vulnerable to 
toxic releases caused by explosion damage to equipment. 
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APPENDIX A. 

VAPOR CLOUD EXPLOSION CONSEQUENCE 

METHODOLOGY 
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This appendix summarizes the vapor cloud explosion prediction methodology used in this study. 

Al. Congestion 

As a volume of gas combusts, it expands which also forces the unburned gas ahead of it to flow. 
If there are obstacles in the path of the unburned expanding gas they will induce turbulence in 
the expanding flow. This turbulence enhances the combustion process through mixing and 
increased flame surface area. These obstacles are referred to as congestion. 

The flame speed and blast wave resulting from a vapor cloud explosion depends on the level of 
congestion. A higher level of congestion results in a higher flame speed and more severe blast 
wave. In the Baker-Strehlow-Tang (BST) methodology, congestion is classified into three 
categories - low, medium and high. Examples of low, medium, and high congestion levels are 
depicted in Figure A I through Figure A 3. 

Figure A 1: Example of Low Congestion 
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Figure A 2: Example of Medium Congestion 

Figure A 3: Example of High Congestion 
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If a roof or other restraint is present, a burning cloud cannot expand in the restrained direction, 
and gases flow in the remaining directions at a higher rate. This restraint is referred to as 
confinement since it confines the dimensionality of the combusting cloud's expansion. For 
example, a solid roof prevents vertical expansion and is considered to be 2D confinement. In the 
BST methodology, confinement is classified into dimensions in which the cloud is free to 
expand: 3D, 2.5D and 2D. 

The flame speed and blast wave resulting from a vapor cloud explosion depends on the level of 
confinement. A more confined flammable cloud causes a higher flame speed and more severe 
blast wave. In the BST methodology, confinement is classified into three categories: 3D 
(unconfined), 2.5D (confined at a level between 3D and 2D), and 2D (free to expand in 
2 dimensions). 

Examples of these confinement levels are depicted in Figure A 4 through Figure A 6. 

Figure A 4: Example of 3D Confinement 
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Figure A 5: Example of 2.5D Confinement 

Figure A 6: Example of 2D Confinement 
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A fundamental property of combustion is the laminar burning velocity (LBV), which describes 
the reaction rate at which a particular fuel will burn. The higher the burning velocity the more 
reactive the fuel, therefore the faster it wi ll burn and produce a stronger blast wave. In the BST 
methodology, fuel reactivity is classified into three categories of LBV - low, medium and high. 

The combination of congestion, confinement and reactivity is used to predict an effective flame 
speed, presented as a Mach number. This Mach number, along with the energy contained in the 
cloud, can be used to predict pressure and impulse ( defined as the integral of pressure over time) 
by interpolating between the numerically modeled BST blast curves. 

Years of research into VCEs through experimental programs, numerical modeling, and literature 
reviews have produced a proprietary extended version of the BST methodology. BakerRisk has 
also extended the methodology to account for the effect of multiple volumes of congestion and 
confinement being involved in a single explosion. This methodology produces blast contours 
that account for the shape, extents, and variations in the physical congested and confined 
volumes typical of industrial facilities. 

Through the investigation of hundreds of industrial accidental explosions and hundreds of 
medium-scale experiments, the BST methodology has been refined and verified to provide good 
predictions of blast loads produced by VCEs. 
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As discussed above, the accelerated flame front of the VCE can drive a pressure wave through 
the atmosphere. Figure A 7 illustrates the propagation of such a wave. Once the wave leaves the 
source of the explosion (congested volume, pressure vessel or high explosive charge), it may 
reduce in speed, but the pressure wave will continue to expand out from the source in all 
directions, decaying in magnitude with distance. 
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Figure A 7: Pressure Wave Illustration 
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The blast pressure wave expands as a hemispherical shell of pressure bounded at the bottom by 
the ground surface. As it sweeps over the ground, this blast wave applies pressure on the ground 
surface (see Figure A 7 at time t2). A blast wave traveling over open ground or a flat building 
roof is an example of a side-on orientation (see time ti in Figure A 7). A blast wave sweeping 
side-on over an area without regard to reflecting surfaces is also called free-field. Blast loads are 
traditionally illustrated with free field pressure contours. 

A blast wave interacting with a building surface will vary in its pressure magnitude depending on 
the orientation of the blast wave relative to the building surface. A blast wave that loads walls 
facing the source will produce a reflected blast load. Figure A 7 depicts this at time t3, when the 
shock wave strikes the building wall at a normal orientation (i.e. the direction to the explosion is 
perpendicular to the reflecting surface). This reflection process causes the pressure and impulse 
to be increased above their side-on values. The result is that the blastward surfaces of a structure 
receive a higher blast load than the roof, side, or rear walls receive. 
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Figure A 8 shows the ratio of reflected (Pr) to side-on (Pso) pressure over a range of pressures 
typical for VCEs. From this figure, a ratio between side-on and reflected pressure is found and 
referred to as the reflection factor. This facto r starts at 2 for very low side-on pressures and 
increases as the side-on pressure increases. For example, at IO psi, the reflection ratio is about 
2.5 and at 20 psi, the ratio is almost 3. This load reflection occurs over the full duration of the 
wave. Thus, the reflected pressure history is character ized by the peak reflected over-pressure at 
the start, reducing to ambient pressure over a time equal to the blast load duration. 
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Figure A 8: Reflection Factor as a Function of Side-on Pressure 

The relationship shown in Figure A 8 is for a normal reflection of a blast wave by a surface. The 
reflection factor is reduced when the blast wave interacts with a surface at an oblique angle, with 
a limit of l (no amplification) at a side-on orientation. 
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EFFECT OF DISCHARGE TEMPERATURE IN DISPERSION 

OF STYRENE FOLLOWING A BUILDING 4 
REACTOR Low PRESSURE DUMP (UNMIXED) 
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B.1 Styrene Polymerization Reaction Kinetics 
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The previous Fauske report appears to have been based on a thermally initiated reaction, with a 
rate equation of the following form: dx/dt = A [Mf5x, where x is the mass fraction of styrene 
monomer, [M] is the concentration of styrene monomer in kgmol/m3

, and A is a constant 
dependent on the styrene mass fraction and the reaction temperature. It is assumed that Fauske 
followed these kinetics because, using rate constant information from Hui and Hamielec 15 this 
project replicated the Fauske reaction rates within l 0% for test cases that were run. 

However, in contrast to the Fauske treatment, FHR notes that in the current operation the 
catalyzed reaction of styrene to polystyrene folfows first-order kinetics: 

dS/dt = kS, 

Where S is the concentration of styrene, t is time, and k is a rate constant. 

Then, 

dS/S = k x dt, which when integrated yie lds In (S) = kt + integration constant. 

Since at t = 0 the concentration is the initial concentration of styrene (So), the integration 
constant is In (So), and the equation above can be rearranged to yield the fo llowing: 

Ln (S/So) = kt 

"k" follows an Arrhenius form: k = Ae·<Ea!RTJ 

Where A is a constant, Ea is the activation energy, R is the gas constant, and T is the temperature 

FHR provided the following constants for " k": 

Ea = 122.35 kJ/mole 
A=6.94E l3 

From this information, a spreadsheet was created that allowed the instantaneous reaction rate to 
be developed for different temperatures at different points in time. This spreadsheet replicated 
the reaction "half-life"s reported by FHR at various temperatures, and so was considered to be 
validated. 

15 
Hui, A.W. and Hamielec, A.E., "Thermal Polymerization of Styrene at High Conversions and Temperatures. An 

Experimental Study.", J. Appl. Polym. Sci., 16,749 (1972). 
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B.2 Evolution of Styrene Vapors from the Dump Pit 

To test the effect of a dump of styrene in uncontrolled conditions (release at various 
temperatures, loss of mixing), a series of modeling runs were performed to estimate the rate of 
styrene vaporization from a pool in the dump pit. In this appendix, vaporization is assumed to 
occur as a result of pool evaporation only, and does not take into account vapors generated 
by reactions in the pool. 

Following are test cases of styrene dispersion from the Building 4 dump pit. Side views of the 
dispers ions are shown for cases where the releases take place at F2/70F atmospheric conditions. 
Temperatures shown are those at the point of release from Building 4. 

Note that the X and Y axes are not to the same scale. 

For more robust atmospheric conditions (D5), the distances to LFL are about 15% lower (at low 
temperatures) to 50% lower (at high temperatures) than those shown in the following plots. 

Note that the in the current mode ofoperation, the styrene will be dumped while still well-mixed 
with water. It is expected that the presence of water in the pit will limit the temperature of the 
styrene above to a nominal temperature about the boiling point of water. 
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APPENDIXC. 

BLAST STRENGTH CONTOURS, BY INDIVIDUAL 

SCENARIO 

The Blast Contour plots in this Appendix show the side-on overpressures should the cloud ignite. 
In some cases the contours are a composite of multiple versions of the same event, and any 
single event would not cause the contours depicted. This is seen most notably in the plot of 
Event P-04-Transfer84, which is a plot of 220 different combinations of release location, wind 
direction and atmospheric stability along the route from storage to the process areas. 
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Figure C 1: (di) benzoyl peroxide storage - Pressure Contours 
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Figure C 2: (di) benzoyl peroxide (Bldg 4) - Pressure Contours 
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Figure C 3: S-06-PilotPlant - Pressure Contours 

Figure C 4: P-06-Bldg4 - Pressure Contours 
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Figure C 5: P-05-PilotPlant - Pressure Contours 

Figure C 6: S-03-Storage - Pressure Contours 
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Figure C 7: P-04-TransferB4 - Pressure Contours 

Figure C 8: S-07 - Pressure Contours 
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Figure C 9: PR-01-Propane Hose Rupture - Pressure Contours 
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APPENDIX 0. 
CONTROLLING BLAST LOADS 

Note that in contrast to the blast contours presented earlier, the loads 
presented in this table are reflected loads, and so take into account 

the actual net forces to which the bui ldings will be subjected. 
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Building Side 

Administration Building:1 story 
warehouse Roof 
Administration Building:1 story 

warehouse Side 1 (South) 
Administration Building:1 story 

warehouse Side 2 (East) 
Administration Building:1 story 
warehouse Side 3 (North) 

Administration Building:1 story 

warehouse Side 4 (West) 

Bead Recovery Building Roof 

Bead Recovery Building Side 1 (East) 

Bead Recovery Building Side 2 (North) 

Bead Recovery Building Side 3 (West) 

Bead Recovery Building Side 4 (South) 

Boiler Room Roof 

Boiler Room Side 1 (South) 

Boiler Room Side 2 (East) 

Boiler Room Side 3 (North) 

Boiler Room Side 4 (West) 

Building 1 Roof 

Building 1 Side 1 (South) 

Building 1 Side 2 (East) 

Building 1 Side 3 (North) 

Building 1 Side 4 (West) 

Catalyst Building Roof 

Catalyst Building Side 1 (East) 

Catalyst Building Side 2 (North) 

Catalyst Building Side 3 (West) 

Catalyst Building Side 4 (South) 

Chips:Pelletizlng Area 1st Fl Roof 

Chips:Pelletizlng Area 1st Fl Side 1 (South) 

Chips:Pelletizing Area 1st Fl Side 2 (East) 

D-2 

BakerRisk Project No. 01-02611-001-09 
July 2010 

Scenario 
Pressure Impulse 

(psig) (psig-ms) 

P-06-Bldg4 1.97 65 

P-06-Bldg4 4.58 146 

P-06-Bldg4 1.84 61 

P-06-Bldg4 1.75 58 

P-06-Bldg4 1.80 59 

P-06-Bldg4 6.93 200 

P-06-Bldg4 11.04 331 

P-06-Bldg4 15.66 438 

P-06-Bldg4 6.56 202 

P-06-Bldg4 6.02 176 

P-06-Bldg4 1.41 49 

P-06-Bldg4 1.33 46 

P-06-Bldg4 3.13 106 

P-06-Bldg4 3.00 102 

P-06-Bldg4 1.29 45 

P-06-Bldg4 1.22 43 

P-06-Bldg4 1.18 42 

P-06-Bldg4 2.64 92 

P-06-Bldg4 2.53 88 

P-06-Bldg4 1.14 41 

(di) benzoyl 
peroxide storage • • 
(di) benzoyl 
peroxide storage • * 
(di) benzoyl 

peroxide storage • * 
(di) benzoyl 

peroxide storage * • 
(di) benzoyl 

peroxide storage * * 
P-06-Bldg4 1.05 39 

P-06-Bldg4 0.97 36 

P-06-Bldg4 0.99 37 
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Building Side 

Chips:Pelletizing Area 1st Fl Side 3 (North) 

Chips:Pelletizing Area 1st Fl Side 4 (West) 

Chips:Pelletizing area 2nd Fl Roof 

Chips:Pelletizing area 2nd Fl Side 1 (South) 

Chips:Pelletizing area 2nd Fl Side 2 (East) 

Chips:Pelletizing area 2nd Fl Side 3 (North) 

Chips:Pelletizing area 2nd Fl Side 4 (West) 

Ch ips:Polym erization Roof 

Ch ips:Polymerization Side 1 (South) 

Ch ips:Polymerization Side 2 (East) 

Ch ips:Polymerization Side 3 (North) 

Chips:Polymerization Side 4 (West) 

Contractor's trailer 1 Roof 

Contractor's trailer 1 Side 1 (South) 

Contractor's trailer 1 Side 2 (East) 

Contractor's trailer 1 Side 3 (North) 

Contractor's trailer 1 Side 4 (West) 

Diesel/ Diesel Oil Buildings Roof 

Diesel/ Diesel Oil Buildings Side 1 (South) 

Diesel/ Diesel Oil Buildings Side 2 (East) 

Diesel/ Diesel Oil Buildini;1;s Side 3 (North) 

Diesel/ Diesel Oil Buildings Side 4 (West) 

East Guardhouse Roof 

East Guardhouse Side 1 (East) 

East Guardhouse Side 2 (North) 

East Guardhouse Side 3 (West) 

East Guardhouse Side 4 (South) 

EPS - Building 4:Main building Roof 

EPS - Building 4:Main building Roof 

EPS - Building 4:Main building Side 1 (South) 

D-3 

BakerRisk Project No. 01-02611-001-09 
July 2010 

Scenario 
Pressure Impulse 

(psig) (psig-ms) 

P-06-Bldg4 2.29 83 

P-06-Bldg4 2.24 81 

P-06-Bldg4 1.04 38 

P-06-Bldg4 0.98 36 

P-06-Bldg4 1.02 38 

P-06-Bldg4 2.20 80 

P-06-Bldg4 2.12 78 

P-06-Bldg4 1.20 43 

P-06-Bldg4 1.13 41 

P-06-Bldg4 1.12 41 

P-06-Bldg4 2.53 90 

P-06-Bldg4 2.59 92 

P-06-Bldg4 1.44 49 

P-06-Bldg4 2.97 100 

P-06-Bldg4 3.06 103 

P-06-Bldg4 1.41 48 

P-06-Bldg4 1.37 47 

P-06-Bldg4 S.00 150 

P-06-Bldg4 4.80 144 

P-06-Bldg4 8.62 268 

P-06-Bldg4 10.36 307 

P-06-Bldg4 4.57 138 

(di) benzoyl 
peroxide storage 1.46 23 

(di) benzoyl 
peroxide storage 3.04 48 
(di) benzoyl 

peroxide storage 1.46 23 

(di) benzoyl 

peroxide storage 1.41 22 

(di) benzoyl 

peroxide storage 3.04 48 

P-06-Bldg4 • • 
(di) benzoyl 

peroxide (Bldg 4) • • 
(di) benzoyl 

peroxide (Bldg 4) • • 
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Building Side 

EPS - Building 4:Main building Side 2 (East) 

EPS - Building 4:Main building Side 3 (North) 

EPS- Building 4:Main building Side 4 (West) 

EPS- Building 4:Main building Side 4 (West) 

EPS - Building 4:Motor Control Room Roof 

EPS - Building 4:Motor Control Room Roof 

EPS - Building 4 :Motor Control Room Side 1 (South) 

EPS- Building 4:Motor Cont rol Room Side 1 (South) 

EPS - Building 4:Motor Control Room Side 2 (East) 

EPS - Building 4:Motor Control Room Side 2 (East) 

EPS - Building 4:Motor Control Room Side 3 (North) 

EPS - Building 4:Motor Control Room Side 3 (North) 

EPS - Building 4:Motor Control Room Side 4 (West) 

EPS - Building 4:Motor Control Room Side 4 (West) 

EPS - Building 4:Reactor Control Room Roof 

EPS - Building 4:Reactor Control Room Side 1 (South) 

EPS - Building 4:Reactor Control Room Side 2 (East) 

EPS - Building 4:Reactor Control Room Side 2 (East) 

EPS - Building 4:Reactor Control Room Side 3 (North) 

EPS - Building 4:Reactor Control Room Side 4 (West) 

Flare Building Roof 

Flare Building Roof 

Flare Building Side 1 (South) 

Flare Building Side 2 (East) 

Flare Building Side 2 (East) 

Flare Building Side 3 (North) 

Flare Building Side 4 (West) 

Flare Building Side 4 (West) 

D-4 

BakerRisk Project No. 01-026/ /-00/-09 
July 20/0 

Scenario 
Pressure Impulse 

(psig) (psig-ms) 
(di) benzoyl 
peroxide (Bldg 4) * * 
(di) benzoyl 
peroxide (Bldg 4) * * 
(di) benzoyl 
peroxide (Bldg 4) * * 
P-06-Bldg4 * * 
P-06-Bldg4 * * 
(di) benzoyl 

peroxide (Bldg 4) * * 
(di) benzoyl 
peroxide (Bldg 4) * * 
P-06-Bldg4 * * 

P-06-Bldg4 * * 
(di) benzoyl 
peroxide (Bldg 4) * * 

P-06-Bldg4 * * 
(di) benzoyl 
peroxide (Bldg 4) * * 
P-06-Bldg4 * • 
(di) benzoyl 
peroxide (Bldg 4) * • 
P-06-Bldg4 * • 
P-06-Bldg4 * • 
(di) benzoyl 
peroxide (Bldg 4) • • 
P-06-Bldg4 * * 

P-06-Bldg4 * • 
P-06-Bldg4 • • 
P-06-Bldg4 2.99 98 
(di) benzoyl 

peroxide (Bldg 4) 3.41 41 

P-06-Bldg4 3.39 114 

(di) benzoyl 

peroxide (Bldg 4) 2.96 38 

P-06-Bldg4 2.75 91 

P-06-Bldg4 3.32 117 

(di) benzoyl 

peroxide (Bldg 4) 8.12 95 

P-06-Bldg4 6.55 213 
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Building Side 

Locker Room Building Roof 

Locker Room Building Side 1 (South) 

Locker Room Building Side 2 (East) 

Locker Room Building Side 3 (North) 

Locker Room Building Side 4 (West) 

Maintenance Building:! story sect ion Roof 

Maintenance Building:1 story section Roof 

Maintenance Building:! story section Roof 

Maintenance Building:! story section Side 1 (South) 

M aintenance Building:! story sect ion Side 1 (South) 

Maintenance Building:! storv section Side 1 (South) 

Maintenance Building: ! story section Side 2 (East) 

Maintenance Building:! story section Side 3 (North) 

Maintenance Building:! story section Side 3 (North) 

Maintenance Building:1 story section Side 4 (West) 

Maintenance Building:2 story section (N) Roof 

Maintenance Building:2 story section (N) Side 1 (South) 

Maintenance Building:2 story section (N) Side 2 (East) 

Maintenance Building:2 story section (N) Side 3 (North) 

Maintenance Building:2 story section (N) Side 4 (West) 
Maintenance Building: Contractors 
Breakroom Roof 

Maintenance Building: Contractors 
Breakroom Side 1 (South) 
Maintenance Building: Contractors 
Break room Side 2 ( East) 
Maintenance Building: Contractors 
Break room Side 3 (North) 
Maintenance Building: Contractors 
Breakroom Side 4 (West) 

Pilot Plant Roof 

Pilot Plant Side 1 (South) 

Pilot Plant Side 2 (East) 

D-5 

BakerRisk Project No. 01-02611-001-09 
July 2010 

Scenario Pressure Impulse 
(psig) (psig-ms) 

P-06-Bldg4 2.31 74 

P-06-Bldg4 4.28 144 

P-06-Bldg4 5.45 168 

P-06-Bldg4 2.19 70 

P-06-Bldg4 2.01 65 

P-06-Bldg4 2.12 69 
P-04-

TransferB4 7 4.07 53 
P-04-
TransferB4 5 4.11 51 
P-04-
TransferB4 7 3.44 47 

P-06-Bldg4 1.85 62 
P-04-
TransferB4 7 3.59 46 

P-06-Bldg4 4.85 156 

P-06-Bldg4 4.79 153 
P-04-
TransferB4 7 5.02 55 

P-06-Bldg4 1.89 63 

P-06-Bldg4 2.47 79 

P-06-Bldg4 2.36 76 

P-06-Bldg4 5.88 182 

P-06-Bldg4 3.12 100 

P-06-Bldg4 2.13 69 

P-06-Bldg4 2.81 89 

P-06-Bldg4 2.71 
7.8.1 86 

P-06-Bldg4 5.99 186 

P-06-Bldg4 5.88 183 

P-06-Bldg4 2.68 85 

P-05-PilotPlant 8.75 295 

P-05-PilotPlant 19.26 505 

P-05-PilotPlant 6.67 263 
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Building Side 

Pilot Plant Side 3 (North) 

Pilot Plant Side 3 (North) 

Pilot Plant Side 4 (West) 

Poly Building 2 Roof 

Poly Building 2 Side 1 (South) 

Poly Building 2 Side 2 (East) 

Poly Building 2 Side 3 (North) 

Poly Building 2 Side 4 (West) 

Poly Building 2 Side 4 (West) 

Poly Building 3 Roof 

Poly Building 3 Side 1 (East) 

Poly Building 3 Side 2 (North) 

Poly Building 3 Side 2 (North) 

Poly Building 3 Side 3 (West) 

Poly Building 3 Side 4 (South) 

Propane Tank Fill House Roof 

Propane Tank Fill House Roof 

Propane Tank Fill House Side 1 (South) 

Propane Tank Fill House Side 1 (South) 

Propane Tank Fill House Side 2 (East) 

Propane Tank Fill House Side 3 (North) 

Propane Tank Fill House Side 4 (West) 

Propane Tank Fill House Side 4 (West) 

Refrigeration House Roof 

Refrigeration House Side 1 (East) 

Refrigeration House Side 2 (North) 

Refrigeration House Side 3 (West) 

Refrigeration House Side 4 (South) 

Storage3 Building 8 Roof 

Storage3 Building 8 Side 1 (South) 

Storage3 Building 8 Side 2 (East) 

Storage3 Building 8 Side 3 (North) 

D-6 
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Scenario 
Pressure Impulse 

(psig) (psig-ms) 

S-03-Storage 8.91 111 

P-05-PilotPlant 7.64 197 

P-05-PilotPlant 5.76 142 

P-05-PilotPlant 1.89 58 

S-03-Storage 10.75 73 

P-06-Bldg4 2.25 80 

P-06-Bldg4 2.24 80 

P-05-PilotPlant 5.40 162 

S-03-Storage 6.40 128 

P-05-PilotPlant 1.57 46 

P-06-Bldg4 2.00 73 

S-03-Storage 5.60 58 

P-05-PilotPlant 3.89 116 

P-05-PilotPlant 4.64 123 

P-05-PilotPlant 1.29 38 

S-03-Storage 1.41 23 

P-06-Bldg4 1.11 40 

S-03-Storage 3.03 49 

P-05-PilotPlant 2.06 61 

P-06-Bldg4 2.25 80 

P-06-Bldg4 2.25 80 

S-03-Storage 2.95 41 

P-05-PilotPlant 2.02 60 

P-05-PilotPlant 0.87 26 

P-05-PilotPlant 1.35 43 

P-05-PilotPlant 1.95 56 

P-05-PilotPlant 0.86 26 

P-05-PilotPlant 0.79 23 

P-06-Bldg4 1.10 39 

P-06-Bldg4 2.28 80 

P-06-Bldg4 2.37 83 

P-06-Bldg4 1.07 38 
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Building Side 

Storage3 Building 8 Side 4 (West) 

TD Lab Building Roof 

TD Lab Building Roof 

TD Lab Building Side 1 (South) 

TD Lab Building Side 2 (East ) 

TD Lab Building Side 2 (East) 

TD Lab Building Side 3 (North) 

TD Lab Building Side 3 (North) 

TD Lab Building Side 4 (West) 

TD Lab Building Side 4 (West) 

Warehouse adjacent to TD Lab Roof 

Warehouse adjacent to TD Lab Roof 

Warehouse adjacent to TD Lab Side 1 (South) 

Warehouse adjacent to TD Lab Side 2 (East) 

Warehouse adjacent to TD Lab Side 3 (North) 

Warehouse adjacent to TD Lab Side 3 (North) 

Warehouse adjacent to TD Lab Side 4 (West) 

Warehouse adjacent to TD Lab Side 4 (West) 

Wastewater Treatment Building Roof 

Wastewater Treatment Building Side 1 (South) 

Wastewater Treatment Building Side 1 (South) 

Wastewater Treatment Building Side 2 (East) 

Wastewater Treatment Building Side 3 (North) 

Wastewater Treatment Building Side 4 (West) 

Wastewater Treatment Building Side 4 (West ) 

Water Treatment Building Roof 

Water Treatment Building Roof 

Water Treatment Building Roof 

Water Treatment Building Side 1 (South) 

Water Treatment Building Side 2 (East) 

Water Treatment Building Side 3 (North) 

Water Treatment Building Side 4 (West) 

D-7 
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Scenario 
Pressure Impulse 

(psig) (psig-ms) 

P-06-Bldg4 1.03 37 

P-05-PilotPlant 2.09 56 

S-03-Storage 2.S5 32 

P-05-PilotPlant 3.16 84 

P-05-PilotPlant 4.93 131 

S-03-Storage 9.54 100 

P-06-Bldg4 1.74 64 

S-03-Storage 1.80 27 

S-03-Storage 1.84 25 

P-05-PilotPlant 1.68 46 

S-03-Storage 6.01 66 

P-05-PilotPlant 2.43 66 

P-05-PilotPlant 13.68 315 

S-03-Storage 11.40 113 

S-03-Storage 2.73 44 

P-06-Bldg4 1.93 70 

P-05-PilotPlant 2.14 58 

S-03-Storage 4.66 49 

P-05-PilotPlant 2.64 68 

S-03-Storage 1.53 62 

P-05-PilotPlant 1.91 51 

P-05-PilotPlant 7.28 174 

P-05-PilotPlant 3.95 116 

S-03-Storage 2.99 139 

S-03-Storage 2.98 140 

P-06-Bldg4 0.97 35 

S-03-Storage 1.51 24 

P-05-Pi lotPlant 1.04 30 

S-03-Storage 5.70 93 

P-06-Bldg4 2.04 73 

P-06-Bldg4 1.99 72 

P-05-Pi lotPlant 1.01 30 
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Building Side 

Water Treatment Building Side 4 (West) 

Water Treatment Building Side 4 (West) 

D-8 
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Scenario 
Pressure Impulse 

(psig) (psig-ms) 

P-06-Bldg4 0.93 34 

S-03-Storage 1.45 23 



FHRPRU001763

FHRPertt 
Facility Siting Study, Final Report (Rev I) 

BakerRisk Proj ect No. 0l-02611-00/-09 
July 2010 

APPENDIXE. 

TESTS OF ALTERNATIVE BUILDING 4 
REACTOR DUMP CONCEPTS 

FOR INITIAL DISCUSSION PURPOSES ON LY, TO CHECK ASSUMPTIONS. 
CALCULATIONS NOT YET VERIFIED. 
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The site currently considers initiating a Building 4 reactor dump if the temperature varies more 

than 4 °F from the batch temperature specification, and a dump is initiated automatically if the 
temperature reaches 210 °F. The specific conditions in the reactor at the time of a dump are 

described below and are referenced as Scenario R-03 in this study. 

Special Note Regarding Scenario R-03 

The current practice for performing a low pressure dump from a Building 4 reactor follows: 

• Catalyst has been added. 

• Reactor is vented to flare prior to initiat ion of dump (reactor pressure is less than 2 psig). 

• When preparing to dump, the vent to flare is shut and the reactor is sealed up (at 200 °F) 

• Dump is started when the reactor reaches 205 °F, vs. the normal reaction hold 

temperature of 91 .5 °C (196. 7 °F) during the reaction phase. At this point, approximately 
57% of the styrene has already reacted. 

• Agitation in the reactor is maintained, and nitrogen is opened up to the reactor with a set 

point of 20 psig. Mostly this is used to counter the vacuum effect of dumping from a 

closed up vessel. Due to the small line size for the nitrogen there is typically not much 
pressure built up (~5 psi). If the dump to pit gets plugged then the pressure in the reactor 

would start to build but since this is at the beginning of the reaction there shouldn't be 
anything to restrict the dump. 

• It takes approximately 20 minutes to empty the reactor. 

Under typical summer conditions, the release discharge and pit will cause the contents of the pit 
to cool to about 181 °F initially. However the polymerization reaction continues (at a reduced 
rate), and the contents of the pit self-heat at about I °F per minute, offsetting additional cooling 
by the pit walls. To replicate the self-heating effect (both ins ide the reactor and outside), the 
release was modeled as occurring at 2 15 °F. Beyond this temperature it is assumed that the 
water that will settle to the bottom of the pit will moderate the pool temperature by boiling away. 
A calculation confirmed that there is more water in the discharge to the pit than the available 
energy of reaction to boil it completely away. 

However, other options exist. The site wished to know whether the current practice was the 
optimal one, with respect to the ultimate disposition of styrene/vapor that would be released 
upon discharge to the dump pit. For this reason, a series of modeling runs was performed in 
which the reactor contents were released at d ifferent temperatures. For the purposes of these 
calculations it was assumed that the reaction in the pit was negligible, and that the rate of 
vaporization from the pool was simply a function of the pool temperature as it developed from 
the release of non-agitated reactor contents into the pool, and unrelated to heat/vapors generated 
as a result of reactions in the pit. The results of these runs are presented in Appendix B. 

FOR INITIAL DISCUSSION PURPOSES ONLY, TO CHECK ASSUMPTIONS. 
CALCULATIONS NOT YET VERIFI ED. 
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Alternatives for the mixed dump condition are described next. 

Alternatives 
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The site has questioned whether this approach is optimal with respect to the balance between 

safety and environmental discharge that results when a dump occurs. A series of modeling runs 

was conducted to test various alternatives suggested by the s ite. The results of these runs fo llow. 

ALTERNATIVE I: REVIEW OF IN SITU CONTAINMENT OF OFF-SPEC 
POLYSTYRENE BATCH 

Following is a review of different versions of in situ containment of polystyrene batches that 
have gone off-spec. The following scenarios are considered: 

• Scenario I -Atmospheric Vent Closed at 200 °F, Mixing Continued 

• Scenario 2 - to be developed 

• Scenario 3 - to be developed 

Approach 

A spreadsheet was developed to document and calculate various process parameters step-wise in 

time. Some of the entries on this spreadsheet were calculated and others were initial conditions 

or physical constants estimated using DIPPR algorithms from SafeSite3G ®. Some of the 

calculations performed are described below and can be compared to the spreadsheet calculations 
provided separately as an MS Excel file. 

• d(S/So')/dt (fractional rate of styrene conversion) - This was taken from a separate 

reaction kinetics spreadsheet which has been previously validated against the reaction 

half-lives. For each point in time, the maximum (initial) rate at a given temperature was 

used since the temperatures were changing during the model run. 

• Fraction of reaction completed - For each time step, this fraction is calculated as the 

sum of the completion at the previous step, plus the reaction completed during the time 

step. The latter was calculated as the average reaction rate during the time step 
multiplied by the time interval. 

• dS/dt (rate of styrene conversion) - Equal to the fractional rate of conversion 

d(S/So'/dt) multiplied by the concentration So' of the styrene at the time of the step. So' 

is equal to the initial concentration So multiplied by the fraction of the reaction 
yet to be completed. 
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• Heat of reaction - This value, calculated in units of Joules/second, is calculated as the 
rate of styrene conversion (mol/liter-sec) x volume in liquid phase (liters) x heat of 

reaction (J/mol). 

• Self-heat rate - Calculated as the heat of reaction (J/sec) divided by the heat capacity of 
the liquid phase (J/kg-degK) divided by the density of the mixture (kg/liter) divided by 

the volume of the liquid phase (liters). After conversion of temperature units, this is 
reported in °F/second. 

• Volume of vapor generated - Initially the heat of react ion is assumed to be completely 

absorbed by self-heating the mixture. Eventually the mixture reaches its boiling point 

and vapor is produced. Based on the vapor pressures of water and styrene at 2 12 °F, a 
general assumption is made that this same ratio is the ratio in the produced vapor. For 

that reason, the density and heat of vapo rization for an 80:20 water/styrene mixture is 

used for this calculation, which is: Heat of reaction (J/sec) divided by heat of 

vaporization (J/kg) divided by vapor density (lb/gal), which after conversion from pounds 
to kilograms is reported in units of gallons/second of vapor. This rate of vapor 

production during the step interval (seconds) is compared to the initial vapor space 

volume to determine the pressure increase in the system during the time interval. The 

mass flow rate of vapor is calculated in a similar manner, but not having to account for 
the vapor density. 

The analysis of the individual scenarios follows. 

Scenario 1 - Atmospheric Vent Closed at 200 °F, Mixing Continued 
In this case, the plant terminates the batch at 200 °Fahrenheit but contains the mixture in the 
reactor. Mixing continues. Table E-1 illustrates how the temperature and pressure in the system 

increase with time. There are a number of assumptions in this analysis, including: 

l . There is no net change in the liquid phase volume (which is important because of its 

potential to compress or expand the vapor phase and thus the system pressure). In fact, 

the liquid will expand with increasing temperature, but the production of polystyrene is 

known to reduce the volume in a styrene/polystyrene system. As it happens, this was 
checked at one point (2 12 °F), and the amount of thermal expansion was virtually the 

same as the predicted shrinkage due to polymerization - that is, no overall net change in 
liquid phase volume. 
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2. As long as the batch has not reached its boiling point, it is assumed that the entire heat of 

reaction is absorbed as a temperature rise in the liquid phase, and none of it is used to 

create new free vapor. That is, prior to boiling, the pressure in the system increases only 
because of increases in the vapor pressure above the liquid phase and, to a much lesser 

extent, ideal gas expansion of the non-condensibles present in the vapor at the time the 

atmospheric vent is closed. The pressure could also change significantly based on 
expansion or contraction of the liquid space, but since the expansion and contraction 

phenomena appear to cancel each other out, there is no net influence of liquid volume 
change in the system pressure. 

Of particular note is the fact that as long as the mixture is kept below its boi I ing point, there does 
not appear to be a concern. However, once boiling begins, the pressure rapidly increases (boiling 

is assumed to start at 225 °F, s ince the precise boi I ing point of this system at elevated pressures is 

not known). Once the batch vapors burst the rupture disk, the system will depressure again and 

slowly start to rebuild pressure as the batch temperature (and vapor generation) increases. 

At some point the reaction proceeds so vigorously that vapors are generated faster than they can 

be relieved through the rupture disk. Based on some very rough calculations (which should be 
verified by the RD calculation sheet), the RD should relieve about I 0,000 lb/min of pure vapor. 

Conclusions - Based on the draft version calculations, there will not be a significant pressure 
buildup until the styrene/water mixture reaches its boiling point, very roughly projected to occur 

after about 5 minutes from the time the vent line is closed, at a temperature of roughly 225 °F. 

Once boiling begins, the pressure rapidly increases to the rupture disk opening pressure of 

150 psig, after which the pressure drops again since the system pressure relieves faster than new 
vapor is being generated. Eventually, however, the reaction rate is vigorous enough that it is 

projected to exceed the rupture disk relief capacity. This occurs at about 270 °F, about 7 to 8 
minutes after the vent line is closed. 

This analysis depends on a number of assumptions, and does not yet account for the potential 

carryover of liquid phase into the relief piping. This "champagne effect" could constrict the 

vapor relief flow path, thus reducing the effective relief rate by an as yet-to-be­
determined amount. 
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Table E I. Temperature/Pressure Profile for Reactor When Blocked in at 200 °F, with Mixing 
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As part of the original project, a protocol for converting the energy in a given inventory of 
benzoyl peroxide (BPO) into an equivalent explosion strength was established. However, there 
are still outstanding questions as to how to determine the inventory to assume, for the purposes 
of explosion modeling. The issues are : 

J. Is the BPO used by the site (75% + 25% water) considered explosive, and under what 
circumstances? 

2. If the BPO is potentially explosive, how much of a given inventory would actually 
participate in a discrete explosion event (one that occurs on a milliseconds time scale)? 

To try to answer these questions, various standards were reviewed. In addition, the input from 
two subject matter experts was obtained, one o f whom is on the relevant NFPA committee and 
the other a peroxide supplier to the Peru site. Other people were solicited but either they did not 
have meaningful information to provide and/or they were unwilling to provide the information. 
By far the most helpful person was Tomas Salvador at Arkema. 

Note that the information that follows is a synopsis of various sources of information, both 
written and verbal. Because there is a possibility of misunderstanding/misinterpretation, 
the original sources of information should be consulted prior to instituting measures based 
on this document. 

Question 1 - Is the BPO Used at Peru Explosive? 

When handled as specified, the BPO used by the site is not considered explosive, as per various 
standards including NFPA 432, 49 CFRl 73.225, and one from the leading chemical risk 
management authorities (Dutch) 16• In each case, the standard has a composition cutoff of BPO 
concentration <77% and 2: 23% water. Of course, these concentration specifications are cutting 
it somewhat close to the concentrations in FHR's BPO, and that is probably by design. Again, 
there is a presumption that the material is being stored in a controlled manner as defined in these 
sources and others such as FM Data Sheet 7-80. The question then becomes whether there are 
circumstances under which the material may not be present in the specified concentrations or 
handled as required . 

Arkema notes the following observations from tests they have performed: 

Water - A sl ight change in water content will not make a big difference in the chemical's 
stability, however, larger changes will. Concentrations of 92% and higher BPO (and possibly 
less) are known to be dangerous. Arkema sells 98% BPO, but only in I -pound bags vs. the 
30-pound bags supplied to Peru. 

16 VROM, "Storage of Organic Peroxides - PGS 8", I 997. 
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Temperature - Arkema has exposed a 35-pound bag of78% BPO to 150 °Fahrenheit conditions 
for a full week without significant degradation. However, there was a "forceful" decomposition 
at 160 °F. They also note that they ship this material to Europe in a non-temperature control led 
environment. At lesser elevated temperatures ( 40-45 °C) BPO hydrolyzes to benzoyl peroxide, 
but this is strictly a quality issue. Arkema has ignited 75% BPO under a water sprinkler and 
while the BPO burned, it did not explode. Note that this was an 'open' ignition; if the material is 
contained and ignited, the pressure buildup can lead to a more significant event. For this reason, 
it is better to fight a peroxide fire with sprinklers rather than containment. 

Quantity - The self-accelerating decomposition temperature (SADT) is a function of the 
quantity stored, and is basically a balance between the rate at which heat of decomposition is 
created and the rate at which it can be dissipated through a package. This is the reason that the 
more hazardous the peroxide, the less amount that is allowed to be stored in a single package. 
Since the suppliers follow the relevant codes and standards in this regard, the primary potential 
for storage conditions to be compromised is at the site. NPF A and others specify the allowable 
storage and fire-protection arrangements for BPO (quantities, spacing). Tn addition, Arkema 
notes that hazards can be introduced by removing the BPO from its packaging and combining it 
with the contents of other BPO bags, in a drum, for example. This larger quantity creates an 
inventory with a lowered SADT. 

Contaminants and other Environmental Exposures - BPO can explode if exposed to 
contaminants such as cobalt, so it is critical that the use of intermediate storage containers 
(buckets, drums) be minimized and that the areas where BPO is kept are clear of such 
contaminants to the extent possible. Similarly, BPO should be kept away from areas where high 
voltage or electrostatic energy is present. 

Based on the above, it is expected that BPO explosion hazards can he prevented by simply 
following standard storage and handling practices. The question then becomes whether there 
are any scenarios under which the standard practices could be compromised, and the amount of 
BPO that would be involved in a resulting explosion event. 
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Question 2 - How Much Inventory Could Participate in a Peroxide 
Explosion? 

A member of the relevant NFPA committee was asked whether there was any inference that the 
storage layout requirements specified in the NFPA standard (that is, height of pallets, distances 
between rows of pallets) indicated that a single discrete explosion (millisecond) event would 
effectively only involve a pallet's worth or less of peroxide. His response was that such an 
inference should not be drawn, and that the separation distances were more of a consensus 
judgment regarding 'good practices' than anything. 

Fundamentally, then, the amount of material that could participate in our millisecond peroxide 
explosion depends on the cause of the event. Following is a review of how each of the 
parameters discussed earlier might be disturbed from its specified state. 

Water - The BPO could become dried out at the source, en route to the site, or at the site. If the 
BPO dries out at the source or en route, it seems likely that any explosion event would occur 
prior to its arrival on the s ite, since the material is subjected to more environmental disturbance 
prior to its arrival than afterward. Once on s ite, if the package integrity is maintained there 
should be no cause for drying out. 

However, the following are considered plausible: 

• Remote storage area: In the peroxide storage building the pallets are sealed, and so 
spillage of individual bag(s) should not occur. It is, however, considered credible for a 

forklift to puncture a few bags and perhaps not notice it. 

• Building 4: If a bag is broken/spilled in the process area it is assumed that it will be 

noticed by the person who created the break/spill and cleaned up prior to its contents 
drying out. So the potential for drying out would seem to be limited to either 

(a) storing the peroxide for a prolonged period directly in front of ventilation fans and/or 
heaters or (b) intentionally removing some peroxide from a bag and be ing interrupted 

prior to utilizing it in a safe environment. 

With respect to (a) above, the heaters in Building 4 are located near the ceiling, face horizontally, 
and are not near the ' normal' inside storage spots. It is possible for ventilation (fans) to be 
nearby. [n the case of (b), entire bags are dumped directly into reactor addition tank (Cat tank) in 
preparation for charging to the reactor and are never removed from the packaging and combined 
with other packets prior to use. All additions are some multiple of 30 lb and 10 lb bags. Bags 
are removed from the cardboard boxes and piled on movable carts in order to make it easier to 
stage raw materials for each reactor. 
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Temperature - Arkema has tested the fire behavior of individual bags of peroxide, but not 
entire pallets. In the case of individual bags. the observation is that the fire bums from the 
outside in, but no explosion takes place. However, one can envision a scenario in which a fire is 
present (for whatever reason) and envelopes a pallet of BPO. The pallet would burn from the 
outside in, but potentially the heat generated in the fire could grow progressively until the 
interior bags in the pallet reach the SADT. 

There are two versions of this event to consider: 

• Fire inside remote storage area: Pallets are kept in storage adjacent to each other, so a 
fire in one pallet is likely to spread to adjoining pallets. A fire impinging on other pallets 
could go undetected for some period of time and result in an explosion of BPO. Assume 
that a fire can affect two pallets to an explosion outcome in the sub-second time frame 
that defines a discrete explosion event. 

• Fire in Building 4: It is assumed that a fire in the process area could also result in a pallet 
explosion, but that the presence of the fire would be obvious and that the building 
occupants would have evacuated. Since the site stages as much as I 0,000 pounds of 
peroxide in the building, it is assumed that an event is similar to that in the remote storage 
area (two pallets). The effects of the explosion on building occupants are assumed to be 
applied only to people other than those in Building 4, who are presumed 
to have evacuated. 

Quantity - Since entire bags of peroxide are used and dumped directly into the addition tank, 
the quantity of peroxide available to be in self-contact is limited to the single bag contents, and 
there is no lowering of the assumed temperature at which self-accelerating decomposition 
temperature occurs. 

Contaminants and other Environmental Exposures - If the cause is contamination, then the 
amount participating in the explosion is probably limited to a few packages that are broken in a 
single event and happen to contact the contaminant in the area of the spill. Assume a 100-pound 
inventory participating in a discrete millisecond event. It is assumed that there are no high­
voltage or electrostatic ignition sources, since these areas are Class l Div I rated. 

Summary 

Based on the above analysis, it is assumed that in the event of a fire, up to two pallets of BPO 
could be involved in an explosive event in both the remote storage area and in Building 4. The 
previous modeling will therefore be revised.from the previous assumption of 48,000 pounds in 
the remote storage area and 10,000 pounds in Building 4 to a limit of 2880 pounds 
in each location. 
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Page : 0000! *\ .alidated• 1I.Lll\"OIS £ mirolllDflltal Protection -¼:•ncy 
?013 Hazru-dous Waste Repon 

US EPA ID : Il.DOSTI~;; ll.. EPA ID : 
Tonn GY - ~neration and YauagffDfnt 
09908500Q;: 

S£CTIO:"\ I. \YASTI DESCRil'TIO:"\ 
A. Waste J::l,,criptiao: COXTA,~.HED SOilS 

B. EPA 11.u:u-douo \\'aste Ccd,(s) : D006 DOOS 
C.SourceC<>de : G31 D. FcrmU>de : W301 

S£ CTIO:"\ ? . Ql".~'sTITY GL'\"I:RATID: 
A. U0!>1 : 3. Pow,ch (lbs) De:,ity : __ 9_.00_ !blpl . 
B. Qwntity Ge..nted in Cumm R,parting Y err : ! ,190,4;8.0 

S£CTIO:"\ 3: QU.~'<"TITY M.~'\AG£D O:"\-SIIT: 
Did this loca:tioo lll.1ll2ge sc:me u- all of this ,vaste in RCR~ a.· lJ1C regulated treatroeat, r-; 
r~g, er cisposai tmits at dn!. locatioo.? (DO NOT w:::tnde RCR..4 e.~ processes.) 
On-Site S;'Stanl ¾-1:amgernenr Method : Qumrity mmaged on-site this 1--ear : 

On-Site S;'Stem2¾.1amgernem ' fefhod : Qwnrity m=ged OIHite d,i; }""' : 

S£CTIO:"\ 4. OIT-SIIT SHIPllI:NT 
A Was any of this \\aste shipped off site this repcrting year? 

STIE i. 

B. U.S. EPA IDNo. offacili!y""'''"'"' shipped to : 
C.Ma:ma,ernent i::oahod shipped to : 

D. Toblquantity,l,ippedin thisrepcrtingye..- : 

SI1E2. 

B. U.S. EPA IDNo. offacili!y"""° ""' shipped to : 
C. Umare-ment 11letbod slipped to : 
D. Tobi quantity ,l,ipped in this repcrting ye..- : 

SI1E 3. 

B. U.S. EPA IDNo. offacili!y"""° ""' shipped to : 
C. Umare-ment 11letbod slipped to : 
D. Tobi quantity,l,ippedin this repcrting ye..- : 

SI1E4. 

B. U.S. EPA IDNo. offacili!y"""° ""' shipped to : 
C. Umare-ment 1't'.letbod shipped to : 
D. Tobi quantity,l,ippedin this repcrting ye..- : 

SI1E5. 

B. U.S. EPA IDNo. offacili!y"""° ""' shipped to : 
C. Umare-ment 1't'.letbod shipped to : 
D. Tobi quantity ,l,ipped in this repcrting ye..- : 

CO~NENIS : ~ 

y 

Hl31 
.:;90,4$8.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
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~;rintor type (Form designed for use on elite (12-pitch) typewriter) Form Approved. 0MB No. 2050-0039 

UNIFORM HAZARDOUS 11._Generator ID Number 

WASTE MANIFEST · 

. 12.Page 1 of , 3. Eme'.gency Response Phone ,4. M~tfe:?tking N~mber · 
., :;: ,;;;· ++d' FLE 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

I 
7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
Q'. '. 

0 

~ .· 
w 
z 2. 
w 
(!) 

3. l I 
! ~--•--, --~-~--i-·-,·- .,...__,.,-~ 
! 

i i 
4. i ' I 

I I 
·-·~---~-· ->-t~·----~- ,,•,•[••-•-•••-·•• 

! i 
14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION:. I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, a_nd are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this_ consignment conform to the terms of the attached EPAAckn01yledgment of Consent. 
I certify thatthe waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name b1g_na)~r~ /, ' IV!ontn uay rear 

I 
,< ~- f l 

I·-.. I I ; . . .. '•· . ..i. • . : ..• ,r, ·. •' 

....I 16. International Shipments D Import to U.S . D Export from U.S. j:- Port of entry/exit 
~ Transporter signature (for exports only): Date leaving U.S.: 
a:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporte_r 1 Printed/Typed Name Signature Month Day Year a:: 
0 

i .. : I / I I I n. ' .·· .• " en z ,Transporter 2 Printed/Typed Name Signature . Month Day Year 
<( 

I I I I 0::: 
I-

l 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type ·□ Residue ·D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:::::l 
u 

I ~ Facility's Phone: 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!;;j: I I I z 
C) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) in w 1. 
12 ,3. 14 

C 
' 

l 
. 

20: Designated Facility Oyvner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a . 

Printed/Typed Name Signature Mo~th_ Day Year 

· .. I I I I 
EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. DESIGNATED FACILITY TO GENERATOR 
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Please print or type (Form designed for use on elite (12-pitth) typewriter) Form Approved 0MB No 2050-0039 

HAZARDOUS , 1. Genera_tor ID Number 

MANIFEST 

, 2. Page, 1 of 13. Emergency Response Phone , 4. rrr~.:rncki1:;N,4~b.~r 
,. t .' ,,. , • l " :• ,.,· FLE 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: ' I 
6. Transporter 1 Company Name U.S. EPA ID Number 

I 
7 Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt./Vol. 

1. 
g 

2 . 
. 

. 

3. 

4. 

"' 
14. Special Handling Instructions and Additional Information 

' 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: .I hereby declare th_atthe contents of thi~ consignment are fully and accurately described above by the proper shipping name; and are classified; packaged, 
I marked and labeled/placarded, and are in all respects in proper conditio_n for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 

Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified ,in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name : cilgnature Month Day Year 
'./ 

L, I I 1: I ,. 
' •"·• ', ' '! ; '-· _; ',' " 

-I 16. International Shipments 
D1mporttoU.S. D Export from U.S. ~ Port of entry/exit: 

~ Transporter signature (for exports only): Date leaving U.S.: 
0:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature ,,, 

Month Day Year 0:: 
0 I I I I "i CL ; 

' ' en 
z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 

I I I I 0:: 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space 
D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
::::i u 
i'."t Facility's Phone: I 
0 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!<i: I I I z 
<!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) 00 
w 1. 

12 13 , 4. 0 

j 
' . 

20. Designated Facility Own_er or Operator: Certification of receipt of hazardous materials covered by the manifest except as nbted in Item 18a '. i 

Printed/Typed Name · Signature \ ', Month Day Year 

,' '· '', ' I .•. · ... I I I 
,EPA Form 8700°22 (Rev. 3-05) Previous editions .are obsolete. ,! .·· ~AC!! II l' IIJ "' 
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,print or type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 
UNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST , 
12. Page 1 of 13. Emergency Response Phone 14. Mr;f~st Tracking Number 

,- ,,,' _,; ', FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6 Transporter 1 Company Name U.S. EPA ID Number 

I 
7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11 Total 12. Unit 13. Waste Codes HM and Packing Group (if any)) 

No. Type Quantity Wt.Nol. 
1. 

a:: 
0 
~ a:: 
w z 2. 
w 
Cl 

3. 

. 

4. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and·are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according tq applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror'~ P'.inted/Txped NamT ::iignature Month uay Year 

! ,} ' '• . ; . L I I I I 
-I 16. International Shipments D Import to U.S. D Export from U.S. j:... Port of entry/exit 
~ Transporter signature (for exports only): Date leaving U.S.: 
a:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year a:: 
0 

I , .. ,•/ I I I n. 
,:n 
z Transporter 2 Printed/Typed Name Signature Month Day Year <( 

I I I I a:: 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: >- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
::i u 
;t Facility's Phone: I C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!;_:;; 

I I I z 
Cl 19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) in w 1. 

12 13. 14 
C 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as_ noted in Item 18a 
Printed/Typed Name Signature Month Day Year 

I I 'I I 
EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. "~ .. i;;u 
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) ,, ', ,
1
',, '• _: l , , 1, > •:I 

Pleas~ print or type (Form designed for use on eli;e (12-~it~h) typewriter) Form Approved 0MB No 2050 0039 
,· 

UNIFORM HAZARDO_US , 1. Generator ID N~mb~r , 2. Page 1. of 13. Emergency Response Phone 14. "'"'"'~" '"""""u Number . .-·, .. •. FLE WASTE MANIFEST ; iJ . ··••' 5 ,: , .. . . 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

I 
7. Transporter 2 Company Name' U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 

and Packing Group (if any)) Quantity Wt.Nol. 
13. Waste Codes 

HM No. Type 

1. 
~ 

2. 

' 

3. 

4. 

' 
14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFERO_R'S CERTIFICATION:_ .I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name ciIgnature IvIontn uay Year 

•' (• I .· ' 1. F,·' I 
-I 16. International Shipments D Import to U.S. D Export from U.S. j:- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
oi:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year l:t: 
0 I I I ..... 1 a. . . .. .. ; u, 
z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 

I I I I oi:: 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 

1::: 18b. Alternate Facility (or Generator) U.S. EPA ID Number 
::i 
u 
~ Facility's Phone: I 
Cl 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!<i: I I I z 
C) 

19. Hazardous Waste Report Management Method Codes (i.e., codes.for hazardous waste treatment, disposal, and recycling systems) 00 
w 1. 

12 13 14 Cl 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 

Printed/T~pe~- Name . Signature . Month Day, Year 

.. ,. I I I I 
, EPA ~orm 8700-22 (Rev. 3-05) Previous editions are obsolete. ' 

,' 

!:,l! FACfLITY l¾/ 
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.,tor type (Form designed for use on elite (12-pitch) typewriter) Form Approved. 0MB No. 2050-0039 

..,NIFORM HAZARDOUS , 1. Generator ID Number •• , 

WASTE MANIFEST : •. , ( t 1

2. P~ge 1 of, 3. Emergency Response Phan~ 14. M~nifes~yacking Number 

'{ • \ / i • • • ••• -. - FLE 

0::: 
0 

~ 
w 
z 
w 
(.!) 

5. Generator's Name and Mailing Address 
1 

zr,~ ,, 

Generator's Ph6ne: 
6. Transporter 1 D?mpany t,ame 

;, ' !\ 
7. Transporter 2 Company Name 

8. Designated Facility Name and Site Address 

Facilit is Phan~ ' . ' <','I 

; : .. 

.· 

9a. 
HM 

9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 
and Packing Group (if any)) 

1;$ !' '; ·.' 
.. 

". .. 
2. 

3. 

4. 

14. Spedal·Haridling Instructions and Additional Information 

I 

: ; 

Generator's Site Address (if different than mailing address) 

U.S. EfA ID Number 

I ' '·' '; ! ' 
.. , 

' i . 
U.S. EPA ID Number 

I 
U.S. EPA ID Number 

'-'\ 

I 
10. Containers 11. Total 12. Unit 13. Waste Codes 
No. Type Quantity Wt.Nol. 

\)' !I, .·' 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are. in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generatqr's/Offeror's Printed/Typed Name 

. \ . 

~lg nature 1v1onth Day Year 

:: .. ·, I ,-, '"; '·- I' I/ r: 16. International Shipments D Import to U.S. D Export from U.S. Port of entry/exit: ____________________ _ 

~ Transporter signature (for exports only): Date leaving U.S.: 

ffi f.,,1~7_. T_r_an_s_po_rt~e~r A~c_k~no~w_le_d~gm~e~n_t_of_R_e_ce_ip_t_of_M_a_te_r_ia_ls _______________ .,,.-__,,.'-----------~----------,-,-.,.,----,,,..--.,.,--1 
~ Transporter 1 Printed/Typep Name Signaturn • • , Month Day Year 
0 
!l.. w ,• 
~ Transporter 2 Printed/Typed Name 

0::: 
I-

. I I 
Signature 

I 

I I 
., 

Month Day Year 

I I 

.
i 18. Discrepancy 

1 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

j:: 18b, Alternate Facility (or Generator) 
:::i 

Manifest Reference Number: 
U.S. EPA ID Number 

~ 
0 i.:F:,.:a:.:c::cilit;,,.Y'.::.s.:.P;.:ho;.:n;.:e.:.,: -,-,---,-,,.-~.,......,...--.,-------------------------------'------------:-:---.,.,----, 
w 18c. Signature of Alternate Facility (or Generator) 

I 
Month Day 

~ 
~1-1-9-.-Ha_z_a-rd-o-us_W_a_s-te_R_e_p_o_rt_M_a_na-g-em-en_t_M_e-th-od-Co_d_e_s-(i-.e-.,-co_d_e_s_fo_rh_a_z_ar-do_u_s_w_a_st-e-tr-ea-tm-en-t,-d-is_p_os_a_l,-an_d_r-ec-y-cl-in_g_sy-s-te_m_s_) _______________ _._ __ .,__ 
~ 1-1-. _____ _;_ __ _;;,_ ___ ~,-2.-.;._----------~13-,------------~-----------

j 20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 

Printed/Typed Name Signature 

I 

I I 

14 

Month Day 

I I 

Year 

I 

Year 

I 
EPA Form 8700-22 (Rev, 3-05) Previous ed1t1ons are obsolete. DESIGNATED FACILITY TO GENERATOR 



FHRPRU001782

,int or type (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 
I.JNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST , : ; 
' 

12. Page 1 of I J. Emergency Response Phone : ,4. t"::tTracking Number . 

FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 
: 

Generator's Phone: ,, .·d" ; I 
6. Tran,sporter 1 Company Name U.S. EPA ID Number 

i ', : ,' ,, '£ I ' ' 
', ' 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designat~d Facility Name and Site Address U.S. EPA ID Number 

' 
Facility's Phone: i, 

' ' ' I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 

and Packing Group (if any)) Quantity Wt.Nol. 
13. Waste Codes 

HM No. Type 
11 

· .. • c::: ,; 
0 

~ ' ' 
', ; ; ,.' ' ,, 

w 
:z 2. 
w 
(!) 

3. 

4. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name :;1gnature Month uay Year 

i \,, ·,, ', .• / I ; ,. •.·' I ) I"·. I ' ..J 16. International Shipments D Import to U.S. D Export from U.S. i- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year c::: 
0 

I I I I CL 
en 
z Transporter 2 Printed/Typed Name Signature Month Day Year <( 

a:: I I I I I-

i 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type □ Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
::::i 
u 
it Facility's Phone: I 
0 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
~ I I I :z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) 00 
w 1. 12. 13 14 
0 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signatu:e Month Day Year 

' I I I I 
EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. 



FHRPRU001783

~type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 
UNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST 
, 2. Page 1 of 13: ,Emergency Response Phone , 4. M!IJl~Jt,T}~kJn~,~,um,ber • 1 t~' l,,} 0 :::} ::) ~~.- ·:,/ ':.'.,' ·~J FLE 5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: ' I 
6. Transporter 1 Company Name U.S. EPA ID Number 

-- ' '- ;:_,,",.,;:,.-,; "" I {-1,t\} l(i:~, / L; :.> i 
7. Transporter 2 Company Name U.S. EPA ID'N0mb'er 

I 8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes HM and Packing Group (if any)) 

No. Type Quantity Wt.Nol. 
1. 

c::: 
0 
!« c::: w z 2. 
w 
(!) 

3. 

4. 

14. ,special _Hanqling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, marked and labeled/placarded, and are in all respects in proper condition for transport according io applicable international and national governmental regulations. If export shipment and I am the Primary Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name ::;1gnature Montn uay Year 

' 
• <::, i, I ,, ' .'(i-,0'' / ,", r I I, [ ,, ,;:,' 

-I 16. International Shipments D Import to U.S. 0 Export from U.S. i'.- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: c::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year D::: 
0 

I I I 
,, 11 Cl. < ' ' _,- :",; _:;~ ; ·, :J 0'.,. ; en 

z Transporter 2 Printed/Typed Name Signature Month Day Year <( 
c::: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space 0 Quantity □_Type 0Residue 0 ~artial Rejection 0 Full Rejection 

Manifest Reference Number: 
i::: 18b. Alternate Facility (or Generator) U.S. EPA ID Number :::i u 
i'.'.t Facilitv's Phone: I Cl 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!=i: 

I I I z 
(!) 

19. Hazardous Waste Report Management Method Codes (Le., codes for hazardous waste treatment, disposal, and recycling systems) in w 1. t 13 
, 4. Cl 

l 20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest expept as hOted in ltein 18a 
Printed/Typed Na[]le Signature - Month Day Year 

I ,,, 
' I I I EPA Form 8700-22 (Rev. 3-05) Previous ed1t1ons are obsolete. 

DESIGNATED FACILITY TO GENERATOR 



FHRPRU001784

/2) 

," print or type. (Form designed for use on elite (12-pitch) typewriter) Form Approved. 0MB No. 2050-0039 
UNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST , · ; 

12. Page 1 of 13. Emergency Response Phone 14. M?t~; T~~~kJ~g ~umber, l 

... ,,p •.· \ • 

... · J 
. · FLE 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: . ; . I 
6. Transporter 1 Company Name U .. S., EPA ID Number 

' ; ... t,,:,,, ~'"'- I,·'':/ )". ' 7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: 
' I 

9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 
1. 

I 0::: 
0 

~ w 
z 2. 
w 
(!) 

3. 

-

4. 

··----=.>""" 
i 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offer?r's Printed/Typed Name ~1gnature IV!ontn uay mar 

·.· ,·, I '· .. 5: I I I 
...I 16. International Shipments D Import to U.S . D Export from U.S. j:... Port of entry/exit: 
:!!: Transporter signature (for exports only): Date leaving U.S.: 
0::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year 0::: 
0 I 1: I I CL. 

' ' 
Cl) 
z Transporter 2 Printed/Typed Name Signature Month Day Year <( 

I I I I 0::: 
I-

I 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type D Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
~ 18b. Alternate Facility (or Generator) U.S. EPA ID Number 
:::i u 
~ Facilitv's Phone: I Cl 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!:,i: I I I z 
(!) 19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) ci5 w 1. 

,2. 

13' 
14. C 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature . 

Month Day Year 

. I I I I .. EPA Form 8700-22 (Rev. 3-05) Previous edItIons are obsolete . DESIGNATED FACILITY TO GENERATOR 

I 
I! 

: I 
'I 

! 

I~ 



FHRPRU001785

____.. ___,, 
Please print or type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 

UNIFORM HAZARDOUS 11. Generator ID Number , 2. Page 1 of I lEmergency Response Phone , 4. Mr;ar,T~:~k~~g Number 

FLE WASTE MANIFEST 
., 

,, •. " - ,,i - '/ •• C,' ~ 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

; \ i i I ' ,•• 

7. Transporter 2 co·mpany Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

: 
I Facility's Phone: 

9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 
HM and Packing Group (if any)) Quantity Wt.Nol. 

13. Waste Codes 
No. Type 

1. 
0:: 
0 

~ w z 2. 
w 
C) _ __,,_,___._.._,,,.,,~,.,~" 

3. 

4. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed illame Signature 1v1ontn uay rear 

' ·,;' '·/ I , 
'' 

I. I I : 

-' 16. International Shipments D Import to U.S. D Export from U.S. i=- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
0:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year c::: 
0 I / I I I Cl.. 

•· ' ' en. z Transporter 2 Printed/Typed ~ame Signature Month Day Year 
<( 

0:: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:J u 
i'.t Facility's Phone: I 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!ci: I I I z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) en w 1. 

12' 
,3. , 4. C 

l 
20. Designated Facility Owner or Operator: Certification_ of receipt of hazardous materials covered by the manifest except as noted in ·1t~m 18a 

Printed/Typed Name Signature Month Day Year 

I I I I 
EPA Form 8700-22 (Rev. 3-05) Previous edrtrons are obsolete. DESIGNATED FACILITY TO GENERATOR 



FHRPRU001786

Please print of type (Form designed for use on elite ( 12-pitch) typewriter) · Form Approved 0MB No 2050-0039 

ci::: 
0 

~ 

UNIFORM HAZARDOUS , 1. Generator ID Number 

WASTE MANIFEST 
5. Generator's Name and Mailing Address 

Generator's Phone: 
6. Transporter 1 Company Name 

; 

7. Transporter 2 Company Name 

8. Designated Facility Name and Site Address 

Facility's Phone: 

',• ; 

9a. 
HM 

9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 
and Packing Group (if any}} 

1. 

, 2, Page 1 of 13. Emergency Response Phone 14. M:ifest Tracking Number 

I 

Generator's Site Address (if different than mailing address} 

I 

I 

I 
10. Containers 

No. Type 

U.S. EPA ID Number 

' 
U.S. EPA ID Number 

U.S. EPA ID Number 

11. Total 
Quantity 

12. Unit 
Wt.Nol. 

" i ' 

13. Waste Codes 

~ l--+-2-.-----------,-------'--------------+------1-----1------1---1----+---+----l 

w 
C) 

·, 

3. 

1...------h---!.----1 

4. 

' 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'.S/OFFEROR'S CERTIFICATION.: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are .in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator} or (b} (if I am a small quantity generator} is true. 

Generator's/Offeror's Printed/Typed Name -,1gnature Month Day Year 

I I L ··•·•···1 
~ 16. International Shipments D Import to U.S. 

~ Transporter signature /for exports only): 
D Export from U.S. Port of entry/exit: ____________________ _ 

Date leaving U.S.: 

ffi 17. Transporter Acknowledgment of Receipt of Materials 
l;i;: Transporter 1 Printed/Typed Name Signature Month Day Year 

~ I-=----=,-----,.,------------------------'-'=-----------------------....!.,-,--,,--'--, 
~ Transporter 2 Printed/Typed Name Signature 

I I I 
Month Day Year 

~ I i 18. Discrepancy 

1 

18a. Discrepancy Indication Space 

~ 18b. Alternate Facility (or Generator} 
:::::i u 

D Quantity □Type 

I I I 

0Residue D Partial Rejection D cull Rejection 

Manifest' Reference Number: 
U.S. EPA ID Number 

~~~ I 
@l-'1""8;.;;;c.;.:,;S.,.ig:.;na""'t.:.:ur.:ce:.:.of""A"'lte-r-na""te""'F~a-ci""lit_y.,.(o-rG"'e_n_e-ra.,..to..,.r}-----------------------------'-------------:c:---::----;:c---,.,---l Month Day Year 

!.i: 
~ 1-1-9-. H_a_z_a-rd-ou_s_W_a_s-te_R_e_p-ort_M_a-na-g-em-en_t_M_e-th-od_C_o_d_e_s_(i.-e-.,-co-d-es_f_o_rh_a_z-ar-do_u_s_w_a_st-e-tr-ea-tm-en-t,-d-is-po_s_a_l,-an_d_r-ec-y-cl-in-g-sy-s-te_m_s_} _______________ _._ __ .,__ .... .___-1 
[fll-------....:. __ __::....;_ ___ ~ _ _;_....;_ __________ __;_.:;.,___; __ _:_...::....:.. _ _;_ ______ ..... ________________ -1 

0 1 12 la 

1
20. Oesignated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature 

. ... . I .. 

I I I 

14 

Month, Day Year 
), 

' I I I ' 
EPA Form.8700-22 (Rev. 3-05) Previous editions are obsolete. cu FACiLiff I u .. UK. 

: 



FHRPRU001787

Please print or type (Form designed for Lise on elite (12-pitch) typewriter) Form Approved 0MB No 2050-0039 
UNIFORM HAZARDOUS , 1. Generator ID Number 

WASTE MANIFEST 

12. Page 1 of 13. Emergency Response Phone , 4. "'"""c°' , ac~'!.'.~ Number 

C .... -E ... :_ .. _ · .... , . FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: .· ,. I 
6. Transporter 1 Company Name U.S. EPA ID Number 

' ' 
,· I : : 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 
HM ahd Packing Group (if any)) Quantity Wt.Nol. 

13. Waste Codes 
No. Type 

1. I 
et:: 
0 

~ w 
:z 2. 
w 
(!) 

3. 

4 . 

.. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for tmnsport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Gener~tor's/Offeror's Printed/Typed ~ame ::,Ignature Montn uay l""' 
' : ' i ' . I ': I 1•7 I . .. . 

_J 16. International Shipments D Import to U.S. D Export from U.S. j:.... Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
0:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year a::: 
0 I I I I 1:1.. 
w 
:z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 

I I I I a::: 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space 0 Quantity □Type 0Resique D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:::i u 
~ Facility's Phone: I 
0 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!.ic I I I z 
C, 

19. Hazardous Waste Report Management Method Codes (i.e:, codes for hazard_ous_waste treatment, disposal, and recycling systems) en w 1. ,2. 13. , 4. C 

1 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 

Printed/Typed Name Signature Month Day Year 

.: . . I .. I ' 
I ,- I I" 

EPA Form 8700-22 (Rev: 3-05) Previous editions are ob_solete. .· 
FACILITY I:"' ,-



FHRPRU001788

. . . 

Please print or type (Form designed for use on elite ( 12 pitch) typewriter) Form Approved OMS No 2050 0039 

UNIFORM HAZARDOUS 11. Generator.ID Number , 2. Page 1 ofl 3: Emergency• Response Phone 14: M~,,r?t Tracking ~umber. 

WASTE MANIFEST . ,,, . ; .. ... . J ,./ FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: ,• I 
6. Transporter 1 Company Name U.S. EPA ID Number 

.. ' I .. 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. l I c::: 
0 

~ .. w 
:z 2. 
I.LI 
C) 

~ ... " 

3. 
! 

4. 

I 
14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare.that the contents of this consignment are fully and accurately described above by the prpper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimiz.ationstatement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Gener.ator's/O~eror's Printed/Typed Name ~1gnature Montn uay Year 

I :' . I I . I 
...J 16. International Shipments D Import to U.S . D Export from U.S. .... Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature ', 

' Month Day Year a:: 
0 I I I I 0... 

' en 
:z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 
c::: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity ;□ Type 
. 

0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
::J u 
it Facilitv's Phone: I 
0 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!:;;: I I I :z 
C) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) en w 1. 
12. 13. 14 C 

j 20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature Month Day Year 

I .. I I I I 
EPA Form 8700-22 (Rev .. 3,05) Previou.s editions are obsolete. 

. 
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FHRPRU001789

Please print or type (Form designed for use on elite (12:pitch) typewriter) Form Approved 0MB No 2050-0039 

UNIFORM HAZARDOUS 1
1 Generator ID Number , 2. Page 1 of 13. Emergency Response Phone , 4. M:n~rT:~~~/~9 Nu~ber 

FLE WASTE MANIFEST ••. ,: '·· .... f • • • ..• .••. • 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

. \'. 
' 

I, . .. ' ; 
7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: . .. . I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
a::: 
0 

~ w 
z 2. 
w 
Cl 

3. 

4. 

! 
I 

_., 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/ORFEROR'S. CERTIFICATION: I hereby dedare that the contents of thi_s consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in an respects in proper' condition for transport according to applicable international and national governmental regulations: If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large q~antity generator) or (b) (if I am a small quantity generator) is true. ·. 

Generator's/Offeror's Printed/Typed Name ::>Ignature IVlontn uay Year 

'i '.· .. . C .. , . .. ··• I i ; .. • . ..... I· I ; I 
..J 16. International Shipments D Import to U.S. D Export from U.S . j:- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials w 
!l2 Transporter 1 Printed/Typed Name Signature Month Day Year 
0 I I I I: 0.. 
en . 
z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 
D::: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
::J 
u 
~ Facilitv's Phone: I 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!.ii: I I I z 
Cl 19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) ci5 w 1. 

12" 
13. 

. 

, 4. C 

l 
.. 

20, Designated Facility Owner or Operator: Certification of.receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature ·• Month , Day Year 

.. . · . . · . I . . •· .. I , . I I 
EPA Form 8700-22 (Rev. ~-05) Previous editions are obsolete. ~-- -=• ==, •~-,=,==I 

iv ·-



FHRPRU001790

Please print or type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved 0MB No 2050-0039 

a: 
0 

~ 

UNIFORM HAZARDOUS , 1. Generator ID Number 

WASTE MANIFEST 
5. Generator's Name and Mailing Address 

Generator's Phone: 
6. Transporter 1 Company Name 

i 

7. Transporter 2 Company Name 

8. Designated Facility Name and Site Address 

Facility's Phone: 

9a. 
HM 

9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 
and Packing Group (if any)) 

1. 

, 2. Page 1 of, 3. Emergency Response Phone 14. Mr:t:t Tracking Number 

I 

Generator's Site Address (if different than mailing address) 

I 

I 
10. Containers 

No. Type 

U.S. EPA ID Number 

U.S. EPA ID Number 

U.S. EPA ID Number 

11. Total 
Quantity 

12. Unit 
Wt.Nol. 

FLE 

13. Waste Codes 

wr---=--------------------------------+-----+----+------+----+----+---+----1 z 2. 
w 
(!) 

3. 

4. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name ::iIgnature IvIontn uay rear 

I I I 
-1 16. International Shipments D 
j:- Import to U.S. 
~ Transporter signature /for exports only): 

D Export from U.S. Port of entry/exit: ____________________ _ 

Date leaving U.S.: 

ffi 17. Transporter Acknowledgment of Receipt of Materials 
~ Transporter 1 Printed/Typed Name Signature Month Day Year 

~ 1-,:,---,_.=.,..,.....,,,=--....,..,-,----------------------·I=-__,----------------------'.,.,.....,,..._,__ 
~ Transporter 2 Printed/Typed Name Signature 

I I I 
Month Day Year 

~ I i 18. Discrepancy 

1 

18a. Discrepancy Indication Space 

~ 18b. Alternate Facility (or Generator) 
::i 
u 

D Quantity □Type 

I I I 

0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
U.S. EPA ID Number 

~~~ I @ 1-1,-8--c.--S ... ig--n'""at--u--re"'"o-fA-l-te_rn_a-te_F_a-ci-lit-y-(o_r_G_en-e-ra-to-r) ______________________________ _,_ _________________ _ 
Month Day Year 

!ce 
t5r--------------------------------------------------------_.__ __ .._ __ ,...__--i 
- 19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) 
:fl1----------------.----------------..-----------------.------------------i 
C 1. 12 13 

1
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature 

I 

I I I 

, 4. 

Month Day Year 

I I I 
EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. 



FHRPRU001791

Please print or type (Form designed foruse on elite (12-pitch)typewriter) Form Approved 0MB No 2050-0039 

UNIFORM HAZARDOUS 1
1· Generator ID Number 12. Page 1 of , 3. Emergency Response Phone , 4. M:.n~9,~t T;:tj~g Number 

FLE WASTE MANIFEST 'ti :.,. ·.,, ,, ·• . / ' 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: . I 
6. Transporter 1 Company Name U,S. EPA ID Number 

,' .. ' "" 
: ' ·,• .'' I :: 1 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: . I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. ' 
Cl::'. 
0 
!;i; 
Cl::'. 
w 

2. z 
w 
Cl 

3. 

-
4. 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: , I hereby declare. that the con.tents of this consi~nment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to, the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name :0Ignat~r~ i 1vIontn uay rear 

' •, \ ·, ', ' " '', 
; ;\ I ,. '. •' '• / ,, I • I , . 

.J 16. International Shipments D Import to U.S. D Export from U.S . i=- Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
Cl::'. 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature : Month Day Year c::: 
0 I I I I CL . 

' ' •' 
; j ·. ' 

' U) 
z Transporter 2 Printed/Typed Name Signature : Month Day Year 
<( 

I I I I Cl::'. 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:::i 
u 
~ Facility's Phone: I 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!;i; I I I z 
Cl 19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) ci5 w 1. 

12. 13 14. C 

j 20. Designated Facility Owner or Operator: Certification of t~ceipt of hazardous materials covered by the manifest except as ,noted in Item 18a 
Printed/Typed Name .•· Signature Month Day Year 
.. 

I I I I . ,, ·, 

EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. 
. '" 

' 



FHRPRU001792

Pl ease pnn or ype. (F arm d esIgne or use one I e -pi C a f rt (12 ·t h)t ·t ) ypewn er. ,· F orm A r d 0MB No 2050 0039 pp ove . 

U_NIFORM HAZARDOUS 11. Generator ID Number ·· 

WASTE MANIFEST 

, 2. Page 1 of , 3., Emergency Response Phone , 4. M~n:fest T'.acking Number 

'.y ,) '', •. , '·.,, , .. ;,; FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

.· · .. ' 
7 

\ I ' ·. ·' 
7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address ' U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
0.:: 
0 

~ w 
z 2. 
w 
C) 

3. 

4. 

' 
14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described abo_ve by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that \he contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
i certify that the waste minimization statement identified in 40 CFR 262.27(a) (if, I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name !::iIgnature Month ~ay Year 

·, ' \,,' ''·. '' I ' i' ·• I I I 
-I 16. International Shipments 

D Import to U.S. D Export from U.S. i=- Port of entry/exit: 
~ Transporter signature /for exports only): Date leaving U.S.: 
ct:: 17. Transporter Acknowledgment of Receipt of Materials w 
~ Transporter 1 Printed/Typed Name Signature Month Day Year 
0 I I I I Cl. 

' ' en 
z Transporter 2 Printed/Typed Name Signature ., Month Day Year 
<( 

I I I I 0.:: 
I-

l 
18. Discrepancy 

18a. Discrepancy Indication Space 
D Quantity □Type DResidue D Partial Rejection D Full Rejection 

Manifest Reference Number: 

~ 18b. Alternate Facility (or Generator) U.S. EPA ID Number 
:::i 
u 
1 Facilitv's Phone: I 
Cl 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!ci: I I I :z 
C) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) en w 1. ,2. ,3. 
14, Cl 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 

' 

Printed/Typed Name Signature Month Qay Year 

,.· I '/ ' I t I 
EPA Form 8700-22 (Rev. 3-05) .Pre.vious editions are obsolete. --- TO '"' 



FHRPRU001793

Please print or type (Form designed for use on elite (12-pitch) typewriter) Form Approved 0MB No'. 2050,0039 

UNIFORM HAZARDOUS I t Generator ID Number 

WASTE MANIFEST 

12. Page 1 of 13. EmergencyResponse Pho~e ,4. "'Ur ,ac•t~ Number 

~., ) '• '·> •, i,,c FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

'. ' ',, J • I , 
' 

' ' 7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: ', I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. I I 
c::: i 0 

~ 
w 

2. :z w 
(.') --

', 

3. 

4. 

l 
'' 

' ' ,, ,, : 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the ,contents of this consignment are fully and,accurately describe.d above by the proper shipping name, and are. classified, packaged, 
marked and labeled/placarded, and are in all respects in proper.condition for transpqrt according to applicable international and national governmental regulations, If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPAAcknowledgmerit of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator'~/Offeror's Printed/Typed Name ::;1gnature rv1ontn uay Year 

( ,~' ,,,,~" ', "' I .,, 
'. ,. ' 1·, L . 1, < 

....I 16. International Shipments D Import to U.S. D Export from U.S . 
'' 

j:.. Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year a:: 
0 I L I I Cl.. 

' / i' /y <' ·,,· ', en 
:z Transporter 2 Printed/Typed Name Signature ,' Month Day Year 
<( 

0::: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type □ Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:::i u 
it Facility's Phone: I 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
~ I I I :z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) ci5 w 1. 
12 13 14· 

C 

l 
', 

20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a ,' 

P(inted/Typ~d Na.me Signature ,· Month Day Year 

.•• 
' 

I ,, I I 1.·· 
EPA Form 8700-22 (Rev. 3-05). Previous editions are obsolete. ' ·- -- -- ·--•-·--

I]/ !V lW 



FHRPRU001794

Please print oi type (Form designed for use on elite (12-pitch) typewriter) Form Approved 0MB No 2050-0039 

UNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST 

12. P~ge 1 of 13. Emergency Response Phone ,4. M?;f~s{Trac~i~g Number,, 

'S ,,. ' , .. ;, FLE 
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: , I 
6. Transporter 1 Company Name U.S. EPA ID Nuf!lber 

' ' ,,, ' ; I I ' 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
a:: 
0 ' 

~ w z 2. 
w 
(!) 

·.·· 
,. 

3. 

4. 
I 

i ',. ' 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFE.ROR'S CERTIFICATION: I hereby declare that.the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international ahd national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the co.ntents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

' 

Generator's/Offe;or's Printed/Typed Name ~1gnature Montn uay Year 

,,' ' r .,, [ ' ,• ,,, ., r I 1.\,,; 
..J 16. International Shipments D Import to U.S. D Export from U.S. j:... Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
a:: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature Month Day Year a:: 
0 I I I Ii ... · Cl. ,,. 

' Cl) 
:z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 

c::: I I I I I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:J u 
it Facility's Phone: I 
0 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
< I I I :z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) en w 1c 
,2. 13 , 4. C 

l 
20. Designated Faci,lity Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name Signature., ·' Month Day Year 

', I I I I 
EPAForm 8700-22 (Rev. 3-05) Previous ed1t1ons are obsolete. 



FHRPRU001795

,c or type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 
,flllFORM HAZARDOUS_ I 1. Generator ID Number 

WASTE MANIFEST 

, 2. Page 1 of , 3. Emergency Response Phone 
, 4. "'tr·~ r;•t!~ Number 

'v, j•, ••/ 'c ,, C: •. FLE 
5. _Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

,, ,. 

' ' 
,c: ; ,; 0/ ' I; ' ' ), 

7. Transporter 2 Company Name u:s. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: ; I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. ! c::: 
0 
!;;: 
c::: 
w 

2. :z w 
(!) 

3. 

I 

4. 

', 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name :;Ignature Monm uay Year 

', ; ! ,' I .. • d 
·:, 

•' ' I I I 
...I 16, International Shipments D Import to U.S. D Export from U.S . j:... Port of entry/exit: 
~ Transporter signature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials w 
:i: Transporter 1 Printed/Typed Name Signature Month Day Year 
0 

i I ·'" I I' .... I, 0.. 
' ",, .'\ 00 

z Transporter 2 Printed/Typed Name Signature " ' Month Day Year <( 

I I I I c::: 
I-

r 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:::i u 
~ Facilitv's Phone: I Cl 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
!;;: I I I z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) ci5 w 1. 
12 13 

, 4. Cl 

j 20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in lte[)l 18a 
Printed/Typed Name Signature Month Day Year 

I ' I I. I 
EPA Form 8700-22 (Rev. 3-05) Previous editions are obsolete. ,.. !W 



FHRPRU001796

I 

i' 

. or type. (Form designed for use on elite (12-pitch) typewriter) Form Approved. 0MB No. 2050-0039 

AIFORIVI HAZARDOUS , 1. Generator ID Number 

WASTE MANIFEST . ·, 

12. Page 1 of 13. Emergency Response Phone r- "'?)?~"·:••~,-:~Number 
'i < • FLE 

5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

i ' 
,, . ' ' "" I i' } 

' 

7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes 
HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
c::: ' 0 Ii 
!cc c::: 
w 
z 2. 
w 
(!) 

3. 

4. 

i 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 

marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 

Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generator's/Offeror's Printed/Typed Name b1gnature IVIOntn uay Year 

I ,' I I· I 
_J 16. International Shipments D Import to U.S. D Export from U.S. i=- Port of entry/exit: 
:!: Transporter siqnature (for exports only): Date leaving U.S.: 
c::: 17. Transporter Acknowledgment of Receipt of Materials 

,' 

w 
~ Transporter 1 Printed/Typed Name Signature J Month Day Year 

0 I I I I/ CL '. (,._ 
Cl) 
z Transporter 2 Printed/Typed Name Signature Month Day Year 
<( 

I I I I c::: 
I-

' 

l 
18. Discrepancy 

18a. Discrepancy Indication Space D Quantity □Type 0Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: 
>- 18b. Alternate Facility (or Generator) U.S. EPA ID Number 
I-
:J 
u 
it Facility's Phone: I 
C 18c. Signature of Alternate Facility (or Generator) Month Day Year 
UJ 

!cc I I I z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) in 
UJ 1. 

12' 13' 
14 C 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 

Printed/Typed Name Signature . Month Day Year 

I ·, I I I 
EPA Form 8700-22 (Rev. 3-05) Previous edItIons are obsolete. 



FHRPRU001797

,nt or type. (Form designed for use on elite (12-pitch) typewriter.) Form Approved. 0MB No. 2050-0039 
JNIFORM HAZARDOUS 11. Generator ID Number 

WASTE MANIFEST 
12. Page 1 of 13. Emergency Response Phone 14, "'!Te ';,~~r~ ~.~mber 

Ch,,,,·.,,, . ., ··+ FLE 
5. Generator'.s Name and Mailing Address Generator's Site Address (if different than mailing address) 

Generator's Phone: I 
6. Transporter 1 Company Name U.S. EPA ID Number 

' ; i ,, ' ./ ' I ; \< 
7. Transporter 2 Company Name U.S. EPA ID Number 

I 
8. Designated Facility Name and Site Address U.S. EPA ID Number 

Facility's Phone: I 
9a. 9b. U.S. DOT Description (including Proper Shipping Name, Hazard Class, ID Number, 10. Containers 11. Total 12. Unit 13. Waste Codes HM and Packing Group (if any)) No. Type Quantity Wt.Nol. 

1. 
c::: 
0 .' 

< l c::: 
l w z 2, 
! w 

(!) 
,.._,.,,,,,__~-~~~. 

3, 

4. 

.• 

', 

14. Special Handling Instructions and Additional Information 

15. GENERATOR'S/OFFEROR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged, 
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations. If export shipment and I am the Primary 
Exporter, I certify that the contents of this consignment conform to the terms of the attached EPA Acknowledgment of Consent. 
I certify that the waste minimization statement identified in 40 CFR 262.27(a) (if I am a large quantity generator) or (b) (if I am a small quantity generator) is true. 

Generators/Offerors Printed/Typed Name ::;1gnature Montn uay Year 

' ' 
', i I ' I I I 

-I 16. International Shipments D Import to U.S. D Export from U.S. j:- Port of entry/exit: 
:!!:: Transporter signature (for exports only): Date leaving U.S.: 
0::: 17. Transporter Acknowledgment of Receipt of Materials w 
I- Transporter 1 Printed/Typed Name Signature ,, Month Day Year c::: 
0 

I I I I 0.. 
' ' ·.,, ' ,,· 

' ' 
(I) 
z Transporter 2 Printed/Typed Name Signature Month Day Year <( 
0::: I I I I I-

l 
18. Discrepancy 

1 Ba. Discrepancy Indication Space D Quantity □Type □ Residue D Partial Rejection D Full Rejection 

Manifest Reference Number: >- 18b. Alternate Facility (or Generator) U.S. EPA ID Number I-
:J 
u 
~ Facility's Phone: I C 18c. Signature of Alternate Facility (or Generator) Month Day Year w 
< I I I z 
(!) 

19. Hazardous Waste Report Management Method Codes (i.e., codes for hazardous waste treatment, disposal, and recycling systems) u:i w 1. 

12' 13' 14 
C 

l 
20. Designated Facility Owner or Operator: Certification of receipt of hazardous materials covered by the manifest except as noted in Item 18a 
Printed/Typed Name, Signature Month Day Year 

' I I I' I 
EPA Form 8700-22 (Rev. 3-05) Previous ed1tIons are obsolete. 
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Wednesday, May 1, 2013 

Michael Schmidt 

Flint Hills Resources 
501 Brunner Street 
Peru, IL 61354 

TEL: (815) 224-5451 

FAX: NA 

RE: TD Control Room Ex Peru, IL PAS WO: 13D0446 

Prairie Analytical Systems, Inc. received 5 sample(s) on 4/22/2013 for the analyses presented in 

the following report. 

All applicable quality control procedures met method specific acceptance criteria unless 

otherwise noted. 

This report shall not be reproduced, except in full, without the prior written consent of Prairie 

Analytical Systems, Inc. 

If you have any questions, please feel free to contact me at (217) 753-1148. 

Respectfully submitted, 

DRAFT REPORT 

DATA SUBJECT TO CHANGE 

Certifications: NELAP/NELAC - IL #100323 

1210 Capital Airport Drive 
9114 Virginia Road Suite #112 

Springfield, IL 62707 
Lake in the Hills, IL 60156 

1.217.753.1148 
1.847.651.2604 

1.217.753.1152 Fax 
1.847.458.0538 Fax 
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FHRPRU001799

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABORATORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 A Lab ID: 13D0446-01 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anall'ses Result Limit Qua! Units DF Date Pre~ared Date Analrzed Method Analrst 

Prairie Analytical Systems, Inc. 

DRAFT: TCLP Volatile Organic Compounds by GC-MS 

*Benzene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*2-Butanone u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Carbon tetrachloride u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Chlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Chloroform u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

* 1,4-Dichlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

* 1,2-Dichloroethane u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

* 1, 1-Dichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Tetrachloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Trichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

*Vinyl chloride u 200 µg/L 10 4/24/13 12:32 4/24/13 16:12 SW 8260B Re JKA 

DRAFT: TCLP Semi-Volatile Organic Compounds by GC-MS 

* 1, 4-Dichlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*2,4-Dinitrotoluene u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW8270C BDP 

*Hexachlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW8270C BDP 

*Hexachlorobutadiene u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*Hexachloroethane u 10.0 µg/L 4/24/13 13 :02 4/25/13 13:38 SW8270C BDP 

*2-Methylphenol u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW8270C BDP 

3 & 4-Methylphenol u 20.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*Nitrobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*Pentachlorophenol u 50.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW8270C BDP 

Pyridine u 50.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*2,4,5-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW 8270C BDP 

*2,4,6-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 13:38 SW8270C BDP 

DRAFT: Polychlorinated Biphenyls by GC-ECD 

*Aroclor 1016 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW8082 BDP 

*Aroclor 1221 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

* Aroclor 1232 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

* Aroclor 1242 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

* Aroclor 1248 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

* Aroclor 1254 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

* Aroclor 1260 u 40.3 µg/Kg dry 4/23/13 14:22 4/23/13 19:42 SW 8082 BDP 

DRAFT: TCLP Metals by ICP-MS 

*Arsenic u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW 6020A JTC 

*Barium 0.325 0.0300 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW6020A JTC 

*Cadmium 2.42 0.00600 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW6020A JTC 

*Chromium u 0.00480 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW6020A JTC 

*Lead 0.252 0.00750 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW6020A JTC 

*Mercury u 0.000600 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW6020A JTC 

*Selenium u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW 6020A JTC 

*Silver u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 16:59 SW 6020A JTC 

DRAFT: Conventional Chemistry Parameters 
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FHRPRU001800

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABORATORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 A Lab ID: 13D0446-01 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anairses Result Limit Qua! Units DF Date Pre11ared Date Anal~ed Method Anairst 

Prairie Analytical Systems, Inc. 

*Cyanide 1.55 0.294 mg/Kg dry 1 4/24/13 10:44 4/25/13 8:17 SW9014 CCD 

*Ignitability (Flash Point) >200 50.0 op 4/23/13 15:30 4/23/13 16:30 SW l0l0(M) JLS 

*Paint Filter Pass P/F 4/23/13 15:25 4/23/13 15:30 SW9095A JLS 

*pH 7.1 0.010 pH Units 4/23/13 12:00 4/23/13 13:57 SW 9045C CCD 

*Phenolics u 6.11 mg/Kgdry 4/24/13 9:50 4/24/13 17:50 SW9065 (M) CCD 

*Reactive Sulfide u 9.58 mg/Kgdry 4/30/13 9:36 4/30/13 15:31 SW9034 RSR 

Percent Solids 81.9 0.100 % 4/23/13 15:40 4/24/13 8:15 ASTMD2216 JLS 

Precision Petroleum Labs, Inc 

DRAFT: 
Extractable Organic Halides u mg/Kg 4/26/13 0:00 4/26/13 0:00 SW9023 SUB 
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FHRPRU001801

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABORATORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 B Lab ID: 13D0446-02 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anal;yses Result Limit Qual Units DF Date Preeared Date Anal;yzed Method Anal;yst 

Prairie Analytical Systems, Inc. 

DRAFT: TCLP Volatile Organic Compounds by GC-MS 

*Benzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*2-Butanone u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*Carbon tetrachloride u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*Chlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*Chloroform u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

* 1,4-Dichlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

* 1,2-Dichloroethane u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

* I, 1-Dichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*Tetrachloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW8260B Re JKA 

*Trichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

*Vinyl chloride u 200 µg/L 10 4/24/13 12:32 4/24/13 15:38 SW 8260B Re JKA 

DRAFT: TCLP Semi-Volatile Organic Compounds by GC-MS 

* 1,4-Dichlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*2,4-Dinitrotoluene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*Hexachlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW 8270C BDP 

*Hexachlorobutadiene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*Hexachloroethane u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*2-Methylphenol u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

3 & 4-Methylphenol u 20.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*Nitrobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*Pentachlorophenol u 50.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW 8270C BDP 

Pyridine u 50.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*2,4,5-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

*2,4,6-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 14:11 SW8270C BDP 

DRAFT: Polychlorinated Biphenyls by GC-ECD 

*Aroclor 1016 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20: 16 SW 8082 BDP 

* Aroclor 1221 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20: 16 SW 8082 BDP 

* Aroclor 1232 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20: 16 SW8082 BDP 

* Aroclor 1242 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20:16 SW 8082 BDP 

• Aroclor 1248 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20:16 SW 8082 BDP 

* Aroclor 1254 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20:16 SW 8082 BDP 

* Aroclor 1260 u 39.3 µg/Kg dry 4/23/13 14:22 4/23/13 20:16 SW 8082 BDP 

DRAFT: TCLP Metals by ICP-MS 

*Arsenic u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Barium 0.165 0.0300 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Cadmium 1.17 0.00600 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Chromium u 0.00480 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Lead 2.50 0.00750 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Mercury u 0.000600 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Selenium u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

*Silver u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:08 SW6020A JTC 

DRAFT: Conventional Chemistry Parameters 
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FHRPRU001802

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 B Lab ID: 13D0446-02 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anallses Result Limit Qual Units DF Date Preeared Date Anallzed Method Anallst 

Prairie Analytical Systems, Inc. 

*Cyanide u 0.298 mg/Kg dry 1 4/24/13 13:10 4/25/13 8:17 SW9014 CCD 

*lgnitability (Flash Point) >200 50.0 OF 4/23/13 15:30 4/23/13 16:30 SW 1010 (M) JLS 

*Paint Filter Pass P/F 4/23/13 15:25 4/23/13 15:30 SW9095A JLS 

*pH 7.2 0.010 pH Units 4/23/13 12:00 4/23/13 13:57 SW9045C CCD 

*Phenolics u 5.61 mg/Kg dry 4/24/13 9:50 4/24/13 17:50 SW 9065 (M) CCD 

*Reactive Sulfide u 9.12 mg/Kg dry 4/30/13 9:36 4/30/13 15:31 SW9034 RSR 

Percent Solids 84.0 0.100 % 4/23/13 15:40 4/24/13 8:15 ASTM D2216 JLS 

Precision Petroleum Labs, Inc 

DRAFT: 
Extractable Organic Halides u mg/Kg 4/26/13 0:00 4/26/13 0:00 SW 9023 SUB 
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FHRPRU001803

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 C Lab ID: 13D0446-03 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Analrses Result Limit Qual Units DF Date Pre11arcd Date Analrzed Method Analrst 

Prairie Analytical Systems, Inc. 

DRAFT: TCLP Volatile Organic Compounds by GC-MS 

*Benzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*2-Butanone u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Carbon tetrachloride u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Chlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Chloroform u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

* 1,4-Dichlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

* 1,2-Dichloroethane u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

* 1, 1-Dichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Tetrachloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Trichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

*Vinyl chloride u 200 µg/L 10 4/24/13 12:32 4/24/13 15:05 SW 8260B Re JKA 

DRAFT: TCLP Semi-Volatile Organic Compounds by GC-MS 

* 1,4-Dichlorohenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW 8270C BDP 

*2,4-Dinitrotoluene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW 8270C BDP 

*Hexachlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW 8270C BDP 

*Hexachlorobutadiene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW8270C BDP 

*Hexachloroethane u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW8270C BDP 

*2-Methylphenol u 10.0 µg/L 4/24/13 13 :02 4/25/13 14:44 SW8270C BDP 

3 & 4-Methylphenol u 20.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW8270C BDP 

*Nitrobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW 8270C BDP 

*Pentachlorophenol u 50.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW 8270C BDP 

Pyridine u 50.0 µg/L 4/24/13 I 3 :02 4/25/13 14:44 SW 8270C BDP 

*2,4,5-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 14:44 SW8270C BDP 

*2,4,6-Trichlorophenol u 10.0 µg/L 4/24/13 13 :02 4/25/13 14:44 SW8270C BDP 

DRAFT: Polychlorinated Biphenyls by GC-ECD 

*Aroclor 1016 u 38.8 µg/Kgdry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

*Aroclor 1221 u 38.8 µg/Kgdry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

* Aroclor 1232 u 38.8 µg/Kg dry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

* Aroclor 1242 u 38.8 µg/Kg dry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

* Aroclor 1248 u 38.8 µg/Kg dry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

* Aroclor 1254 u 38.8 µg/Kg dry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

* Aroclor 1260 u 38.8 µg/Kgdry 4/23/13 14:22 4/23/13 20:49 SW 8082 BDP 

DRAFT: TCLP Metals by ICP-MS 

*Arsenic u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:17 SW6020A JTC 

*Barium 0.119 0.0300 mg/L 3 4/25/13 11:25 4/25/13 17:17 SW6020A JTC 

*Cadmium 1.72 0.00600 mg/L 3 4/25/13 11:25 4/25/13 17:17 SW6020A JTC 

*Chromium u 0.00480 mg/L 3 4/25/13 11 :25 4/25/13 17:17 SW6020A JTC 

*Lead 0.579 0.00750 mg/L 3 4/25/13 11:25 4/25/13 17:17 SW6020A JTC 

*Mercury u 0.000600 mg/L 3 4/25/13 11 :25 4/25/13 17:17 SW6020A JTC 

*Selenium u 0.0150 mg/L 3 4/25/13 11 :25 4/25/13 17:17 SW6020A JTC 

*Silver u 0.0150 mg/L 3 4/25/13 11 :25 4/25/13 17:17 SW6020A JTC 

DRAFT: Conventional Chemistry Parameters 
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FHRPRU001804

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABORATORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 C Lab ID: 13D0446-03 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anal;)'ses Result Limit Qua! Units DF Date Prepared Date Analrzed Method Anal;)'st 

Prairie Analytical Systems, Inc. 

*Cyanide u 0.296 mg/Kg dry 1 4/24/13 13:10 4/25/13 8:17 SW9014 CCD 

*Ignitability (Flash Point) >200 50.0 OF 4/23/13 15:30 4/23/13 16:30 SW 1010 (M) JLS 

*Paint Filter Pass P/F 4/23/13 15:25 4/23/13 15:30 SW9095A JLS 

*pH 7.3 0.010 pH Units 4/23/13 12:00 4/23/13 13:57 SW9045C CCD 

*Phenolics u 5.64 mg/Kg dry 4/24/13 9:50 4/24/13 17:50 SW9065 (M) CCD 

*Reactive Sulfide u 9.29 mg/Kg dry 4/30/13 9:36 4/30/13 15:31 SW9034 RSR 

Percent Solids 84.4 0.100 % 4/23/13 15:40 4/24/13 8:15 ASTMD2216 JLS 

Precision Petroleum Labs, Inc 

DRAFT: 
Extractable Organic Halides u mg/Kg 4/26/13 0:00 4/26/13 0:00 SW 9023 SUB 
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FHRPRU001805

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 D Lab ID: 13D0446-04 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Analrses Result Limit Qua! Units DF Date Preeared Date Anal~ed Method Analrst 

Prairie Analytical Systems, Inc. 

DRAFT: TCLP Volatile Organic Compounds by GC-MS 

*Benzene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*2-Butanone u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*Carbon tetrachloride u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*Cblorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*Chloroform u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*1,4-Oichlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

* 1,2-Oichloroethane u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

* 1, 1-Oichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW8260B Re JKA 

*Tetrachloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*Trichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

*Vinyl chloride u 200 µg/L 10 4/24/13 12:32 4/24/13 14:32 SW 8260B Re JKA 

DRAFT: TCLP Semi-Volatile Organic Compounds by GC-MS 

* 1,4-Oichlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

*2,4-Oinitrotoluene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW 8270C BOP 

*Hexachlorobenzene u 10.0 µg/L 4/24/13 13 :02 4/25/13 15: 16 SW 8270C BOP 

*Hexachlorobutadiene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

*Hexachloroethane u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

*2-Methylphenol u 10.0 µg/L 4/24/13 13 :02 4/25/13 15:16 SW8270C BOP 

3 & 4-Methylphenol u 20.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

*Nitrobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW 8270C BOP 

*Pentachlorophenol u 50.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW 8270C BOP 

Pyridine u 50.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

*2,4,5-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW 8270C BOP 

*2,4,6-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 15:16 SW8270C BOP 

DRAFT: Polychlorinated Biphenyls by GC-ECD 

*Aroclor 1016 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21 :23 SW 8082 BOP 

*Aroclor 1221 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21 :23 SW 8082 BOP 

*Aroclor 1232 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21 :23 SW 8082 BOP 

* Aroclor 1242 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21:23 SW 8082 BOP 

* Aroclor 1248 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21:23 SW 8082 BOP 

*Aroclor 1254 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21 :23 SW8082 BOP 

• Aroclor 1260 u 39.8 µg/Kg dry 4/23/13 14:22 4/23/13 21:23 SW 8082 BOP 

DRAFT: TCLP Metals by ICP-MS 

*Arsenic u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Barium 0.250 0.0300 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Cadmium 0.688 0.00600 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Chromium u 0.00480 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Lead 0.105 0.00750 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Mercury u 0.000600 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Selenium u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW6020A JTC 

*Silver u 0.0150 mg/L 3 4/25/13 11:25 4/25/13 17:26 SW 6020A JTC 

DRAFT: Conventional Chemistry Parameters 
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FHRPRU001806

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 D Lab ID: 13D0446-04 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Analrses Result Limit Qua! Units DF Date Pre11ared Date Anatrzed Method Anatrst 

Prairie Analytical Systems, Inc. 

*Cyanide 0.531 0.304 mg/Kg dry 1 4/24/13 13:10 4/25/13 8:17 SW9014 CCD 

*Ignitability (Flash Point) >200 50.0 op 4/24/13 10:00 4/24/13 11:00 SW 1010 (M) CCD 

*Paint Filter Pass P/F 4/24/13 10:00 4/24/13 10:05 SW9095A CCD 

*pH 7.4 0.010 pH Units 4/23/13 12:00 4/23/13 14:22 SW 9045C CCD 

*Phenolics u 6.07 mg/Kgdry 4/24/13 12:18 4/24/13 17:50 SW9065 (M) CCD 

*Reactive Sulfide u 9.20 mg/Kg dry 4/30/13 9:36 4/30/13 15:31 SW9034 RSR 

Percent Solids 82.4 0.100 % 4/23/13 15:40 4/24/13 8:15 ASTMD2216 JLS 

Precision Petroleum Labs, Inc 

DRAFT: 
Extractable Organic Halides u mg/Kg 4/26/13 0:00 4/26/13 0:00 SW 9023 SUB 
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FHRPRU001807

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 E Lab ID: 13D0446-05 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Analrses Result Limit Qua! Units DF Date Pre(lared Date Anatrzed Method Anatrst 

Prairie Analytical Systems, Inc. 

DRAFT: TCLP Volatile Organic Compounds by GC-MS 

*Benzene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*2-Butanone u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Carbon tetrachloride u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Chlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Chloroform u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

* 1,4-Dichlorobenzene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

• 1,2-Dichloroethane u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*!, 1-Dichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Tetrachloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Trichloroethene u 250 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

*Vinyl chloride u 200 µg/L 10 4/24/13 12:32 4/24/13 13:59 SW 8260B Re JKA 

DRAFT: TCLP Semi-Volatile Organic Compounds by GC-MS 

* 1,4-Dichlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

*2,4-Dinitrotoluene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

*Hexachlorobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW 8270C BDP 

*Hexachlorobutadiene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

*Hexachloroethane u 10.0 µg/L 4/24/13 13: 02 4/25/13 15:50 SW 8270C BDP 

*2-Methylphenol u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

3 & 4-Methylphenol u 20.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

*Nitrobenzene u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW 8270C BDP 

*Pentachlorophenol u 50.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW8270C BDP 

Pyridine u 50.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW 8270C BDP 

*2,4,5-Trichlorophenol u 10.0 µg/L 4/24/13 13:02 4/25/13 15:50 SW 8270C BDP 

*2,4,6-Trichlorophenol u 10.0 µg/L 4/24/13 13 :02 4/25/13 15:50 SW8270C BDP 

DRAFT: Polychlorinated Biphenyls by GC-ECD 

*Aroclor 1016 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

*Aroclor 1221 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

• Aroclor 1232 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

* Aroclor 1242 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

* Aroclor 1248 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

* Aroclor 1254 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

* Aroclor 1260 u 38.8 µg/Kg dry 4/23/13 14:22 4/24/13 9:37 SW 8082 BDP 

DRAFT: TCLP Metals by ICP-MS 

*Arsenic u 0.0150 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Barium 0.0772 0.0300 mg/L 3 4/25/13 11:25 4/25/13 17:35 SW6020A JTC 

*Cadmium 0.690 0.00600 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Chromium u 0.00480 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Lead 0.508 0.00750 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Mercury u 0.000600 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Selenium u 0.0150 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

*Silver u 0.0150 mg/L 3 4/25/13 11 :25 4/25/13 17:35 SW6020A JTC 

DRAFT: Conventional Chemistry Parameters 
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FHRPRU001808

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Client Sample ID: DRAFT: Comp 13 E Lab ID: 13D0446-05 

Collection Date: 4/17/13 0:00 Matrix: Solid 

Anal)'ses Result Limit Qua! Units DF Date Pre11ared Date Anal)'ZCd Method Anal)'St 

Prairie Analytical Systems, Inc. 

*Cyanide u 0.297 mg/Kgdry I 4/24/13 13:10 4/25/13 8:17 SW9014 CCD 

*Ignitability (Flash Point) >200 50.0 op 4/24/13 10:00 4/24/13 11:00 SW 1010 (M) CCD 

*Paint Filter Pass P/F 4/24/13 10:00 4/24/13 10:05 SW9095A CCD 

*pH 7.0 0.010 pH Units 4/23/13 12:00 4/23/13 14:22 SW 9045C CCD 

*Phenolics u 5.93 mg/Kg dry 4/24/13 12:18 4/24/13 17:50 SW9065 (M) CCD 

*Reactive Sulfide u 9.23 mg/Kgdry 4/30/13 10:53 4/30/13 15:31 SW9034 RSR 

Percent Solids 84.3 0.100 % 4/23/13 15:40 4/24/13 8:15 ASTMD2216 JLS 

Precision Petroleum Labs, Inc 

DRAFT: 
Extractable Organic Halides u mg/Kg 4/26/13 0:00 4/26/13 0:00 SW9023 SUB 
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FHRPRU001809

Prairie Analytical Systems, Inc. Date: 5/1/2013 

LABO RA TORY RESULTS 

Client: Flint Hills Resources 

Project: TD Control Room Ex Peru, IL Lab Order: 13D0446 

Notes and Definitions 

Pl Pass 

* NELAC certified compound. 

u Analyte not detected (i.e. less than RL or MDL). 
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FHRPRU001811

i~f ATI ~7Jt~~tGg;~~;J~~y f ?CO LiJr;dv-.·en, Aaad • No1thbrcck.. !L 60062~2310 
phone iS4J) 554--0700 • fai: {N7) 5JJ+--l517 

Mr. Michael Brophy 
Prairie Analytical Systems, Inc. 
1210 Capital Airport Drive 
Springfield, Illinois 62707 

LABORATORY REPORT NO:. 
DATE: 
SAMPLES RECEIVED 
PURCHASE ORDER NO: 

Below are the results of the analyses for gross alpha, gross beta and gamma on one sample. 

Sample ID 1300446-01 

Collection Date 04-17-13 

Lab Code SPS-1930 

Isotope Concentration (pCi/g dry) Date Analyzed 

Gross Alpha 6.9 ± 2.8 05-17-13 
Gross Beta 12.7±26 05-17-13 

K-40 6.5 ± 0.5 05-03-13 
Cs-137 < 0.1 05-03-13 
Ti-208 0.2 ± 0.1 05-03-13 
Bi-212 1.3 ± 0.4 05-03-13 
81-214 1.2 ± 0 1 05-03-13 
Pb-212 0.6 ± 0.1 05-03-13 
Ra-226 1.1 ± 0.1 05-03-13 
Ra-228 0.7±0.1 05-03-13 

Total gamma (30-2036 KeV) 17.3 05-03-13 

2000-293-01 
05-20-2013 
04-23-2013 

Method 

AB-01 
AB-01 

901.1 
901. 1 
901.1 
901.1 
901 1 

9011 
901.1 
901 .1 

901.1 

The error given is the probable counting error at 95% confidence level. The less than value is based on 4.66 sigma counting 
error for the background sample. 

E-mail: brophym@prairieanalytical.com 
E-mail: potterk@prairieanalytical.com 

APPROVED BY 
Tony Coorlim, 

Quality Assurance 
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FHRPRU001812

~~f ATI ~7iit~~tlig~a:it~~v 
' 700 Lamt,-u;;t.t ,Rctdd I NorthbtJ1.f.., }L 6CC62~?310 

phMo {8-17! 5-64-0700 • fax :8J7) 554-4517 

Mr. Michael Brophy 
Prairie Analytical Systems, Inc. 
1210 Capital .A.irport Drive 
Springfield, Illinois 62707 

LABORATORY REPORT NO, 
DATE: 
SAMPLES RECEIVED 
PURCHASE ORDER NO: 

2000-293-02 
05-20-2013 
04-23-2013 

Below are the results of the analyses for gross alpha, gross beta and gamma on one sample. 

Sample ID 13D0446-02 

Collection Date 04-17-'i 3 

Lab Code SPS-1932 

Isotope Concentration (oCifq dry) Date Analyzed Method 

Gross Alpha 7.1 ± 2.9 05-17-13 AB-01 
Gross Beta 13.9±26 05-17-13 AB-01 

K-40 7.9 ± 0.7 05-03-13 901. i 
Cs-137 < 0.1 05-03-13 901.1 
Tl-208 0.3 ± 0.1 05-03-13 90'11 
Bi-212 1 4 ± 0.4 05-03-13 901.1 
Bi-214 1.4 ± 0.1 05-03-13 901.1 
Pb-212 0.8 ± 0 1 05-03-13 901.1 
Ra-226 1.5 ± 0 1 05-03-13 90'1.1 
Ra-228 0.9 ± 0.1 05-03-13 901.1 

Total gamma (30-2036 KeV) 22.2 05-03-13 901.1 

The error given is the probable counting error at 95% confidence level. The less than value is based on 4.66 sigma counting 
error for the background sample. 

E-mail: brophym@prairieanalytical.com 
E-mail: potterk@prairieanalytical.com 

'\ 

APPROVED BY ---f---1--...:V-:,V~V~\;~1_1\__.-----~~~~/~·?,£,_-µ~_> __ 
Tony Coorlim, 

Quality Assurance 
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FHRPRU001813

~~f ATI ~1d~~~:t:g~~at~~v 
' 7,JO !...a,;dwchr RMd • Ncrtt,t;;ccy !L 60062•2J 10 

;;hone f847J 56+/J?OD • fat !H-!,J 56.J,.4C>17 

Mr. Michael Brophy 
Prairie Analytical Systems, Inc. 
1210 Capital Airport Drive 
Springfield, Illinois 62707 

LABORATORY REPORT NO : 2000-293-03 
D/\TE: 05-20-2013 
SAMPLES RECEIVED: 04-23-2013 
PURCHASE ORDER NO: 

Below are the results of the analyses for gross alpha, gross beta and gamma on one sample. 

Sample ID 13D0446-03 

Collection Date 04-"17-13 

Lab Code SPS-1933 

Isotope Concentration /pCi/a drv) Date Analyzed Method 

Gross Alpha < 3.5 05-17-13 AB-01 
Gross Beta 8.0 ± 2.2 05-17-13 AB-01 

K-40 6.6 ± 0 6 05-05-13 901.1 
Cs-l37 < 0.1 05-05-13 901 1 
Tl-208 0.2 ± 0.1 05-05-13 901.1 
Bi-212 <0.4 05-05-13 901.1 
Bi-214 1.0 ± 0.1 05-05-13 9011 Pb-2·12 0.5 ± 0.1 05-05-13 901.1 
Ra-226 '1.0±0.1 05-05-13 901.1 
Ra-228 0.6 ± 0.1 05-05-13 901.1 

Total gamma (30-2036 KeV) 13.4 05-05-13 90-1.·1 

The error given is the probable counting error at 95% confidence level. The less than value is based on 4.56 sigma counting 
error for the background sample. 

E-mail: brophym@prairieanalytical.com 
E-mail: potterk@prairieanalytical.com 

Sincerely. 

//~.\ \ 
I I r·• 1 l' , / : ! i 
r ,-t\ /--

1
_,, i 1 

l; , / ',/,i t 
A .::::.,i , .!//•'i1 

/\ - y ~AX I \j f \ l .\ ,.J 

! \ \ \ 

/ \ Brori(a ~rob, 
\ Lab?rator~ fv)anager 
\\ .. \,\ • < 

( < 

APPROVED BY ---1-/_,___l__,,(_<v...:_J~·-----_--.::;;➔/=-w+,/!......:r )=--­
Tony Coor!im, 

Quality Assurance 
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FHRPRU001814

~~f ATI Wdt~~f1Gg~~at~~v ♦ 700 Landwehr RoJd • NonllbrM.~. I!.. 60062-23 fC 
p!'IOM (S47} 5fJ4-0700 • !:ix j8.S7) 5$4-45f1 

Mr. i\,1ichael Brophy 
Prairie Analytical Systems, Inc 
1210 Capital Airport Drive 
Springfield, Illinois 62707 

LABORATORY REPORT NO. 
DATE: 
SAl'vlPLES RECEIVED: 
PURCHASE ORDER NO 

2000-293-04 
05-20-2013 
04-23-2013 

Below are the results of the analyses for gross alpha, gross beta and gamma on one sample. 

Sample ID 1300446-04 

Collection Date 04-17-13 

Lab Code SPS-1934 

Isotope Concentratlon (pCi/g dry) Date Analyzed Method 
Gross Alpha 11.5 ± 3.5 05-17-13 AB-01 Gross Beta 23.2 ± 2.9 05-17-13 AB-0i 
K-40 10.7±0.7 05-05-13 9011 Cs-137 < 0.1 05-05-13 9011 Tl-208 0.3 ± 0.1 05-05-13 901.1 Bi-212 < 0.5 05-05-13 9DU Bi-214 17±0.1 05-05-13 9011 Pb-212 0.8 ± 0.1 05-05-13 901.1 Ra-226 1.8±0.1 05-05-13 901.1 Ra-228 1.0 ± 0.2 05-05-13 901.1 

Total gamma (30-2036 KeV) 25.7 05-05-13 901.1 

The error given is the probable counting error at 95% confidence level. The less than value is based on 4.66 sigma counting error for the background sample. 

E-mai I: brophym@prairieanalytical.com 
E-mail: potterk@prairieanalytical.com 

Sincerely, 

,.---/"•\ 
/ / \ 

/ / !! ) () 

1(71~'ZP~ii:/xXJ 
/\sroni~ Gr b, 

L\bo~f ~_oryf Jnager 

APPROVED BY ___ /_

1

1--v[..sc.,:c.=J_,,_,0_·· -----'s-+!-'-w_r ,_,__~ -'-') _ 
~ Tony Coorlim, r I 

Quality Assurance 
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FHRPRU001815

t KJI Environmental, Inc. 
/=\ Midwest Laboratory 
-:oa Lar:,fa-ehr Ftoad ~ Norti:brco!-:, iL 80062•1310 
phone fS41l 554~0700 • f,ix ({'NI) 5£.;--'517 

Mr. Michael Brophy 
Prairie Analytical Systems, Inc. 
1210 Capital Airport Drive 
Springfield, Illinois 62707 

LABORATORY REPORT NO. 
DATE: 
SAMPLES RECEIVED: 
PURCHASE ORDER NO: 

2000-293-05 
05-20-2013 
04-23-2013 

Below are the results of the analyses for gross alpha, gross beta and gamma on one sample. 

Sample ID 13D0446-05 

Collection Date 04-17-13 

Lab Code SPS-1935 

Isotope Concentration (pCi/g dry) Date Analyzed Method 

Gross Alpha 12.1 ± 3.8 05-17-13 AB-01 Gross Beta 17.1 ±2.7 05-17-13 ,A.8-01 

K-40 12.3 ± 1.2 05-05-13 901.1 Cs-·137 < 0.1 05-05-13 901.1 Tl-208 0.3 ± 0.1 05-05-13 901.1 Bi-212 1.5 ± 0.6 05-05-13 901.1 
Bi-214 2.0 ± 0.2 05-05-13 901.1 
Pb-212 1.1 ± 0 1 05-05-13 901.1 Ra-226 2.1 ± 0.1 05-05-13 901.1 
Ra-228 14 ± 03 05-05-13 901.1 

Total gamma (60-2024 KeV) 27.1 05-05-13 9011 

The error given is the probable counting error at 95% confidence level. The less than value is based on 4.66 sigma counting error for the background sample. 

E-mail: brophym@prairieanalytical.com 
E-mail: potterk@prairieanalytical.com 

\ \ Bi;onia Grob, 
\~al:i~ra~ry Manager 
~ ' 

APPROVED BY __ i~:_c_/v~-=-J_ . ...____..._, _j+-(-+~!~(3 __ 
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